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STRENGTH AND WEAR OF RAJl 

AND 

THEIR INFLUENCE ON THE SELECTION OF! 
THE MOST ECONOMICAL SECTION. 


ALEXANDER FOR DYCK HARVEY, M.I.E. 

Fellow of Cooper's Hill. 


1. INTKODI’ITIUN. 

1. When <liii**' with proposals for renewals of mils in t 
finch, (wo quest ions li;i \'(* to lx* considered, viz.., whether t 
existing mils require minvul and what would be the no 
economical sort ion to use for renewal. The lat (or question lias 
bo qousidered also whon the selection of (ho soot ion of rail to* 
used in a now lint; of mil wav is undor consideration, 


2. No attempt-aopears o have been nnido in the past t< 
any limiting strengths for old worn rails, ’* a It lion gh tho i 
suitably sections of now rails, for various inaxiiaum axle lo 
have been proscribed from time to time. Tho selection of those 
suitable 1 'sections has been based on the results of < xperienre and 
of observation of tho behaviour of rails in tho track: dial is to say. 
on practice and not on theory. Decisions, as to whether existing 
rails require renewal, have also beta based usually on rough tun¬ 
ning and dilliculfy in good maintenance, duo either to the age of 
tho rails or to the use of heavier axle-loads. 

Although, therefore, it has been accepted generally that 
now mils of certain minimum sections should ho used for certain 
muximuth axle-loads, no definite or uniform ideas or orders have 
existed as to when those mils should he considered to bo unfit, for 
furt her service in the main line. As a, result of this state of affairs, 
the “ minimum weijfht of vail, per yard.’* prescribed by the Itaih 
way Hoard for ea(h axle load, in the “KeHedule of Maximttnt f 
. Minimum and Recoiftmemled dimensions ” for Indian Railways, 
is Jtofc the u minimum M in the correct sense of the word. It dja^s 
ijotrueaij that, when a rail is wo'to down the h-atd fraction held 


NfflOWcri III the inlcresls:.^ 
jdS^ bvrtT- 'j^tatcp^flr 3 ftii&^*' When new rail* are to be In id in iti® 1 . 
$ij#.i r ::te, .iSbeyv-shimlif.: uottve below a. certain weight, which includes 
Ij^ijipifo miu'giii fdr permissible wear before tin* mils will nerd to be 
Viewed again. Thai item in the “Schedule, of Iis, 

* thbrofoJ'e. a “ recommended" rather iluui ;i “ miiiiimim ” dimension 
rtiitl ;i in i >1*4* dc.Muilc stun lard * * I* the limit of strength ol wont rails 
is -desirable. 


", 4,#d'Oiisideriug lla* second (|m > stioii. regarding (la* most 
economical section t*> use for renewal, it will hr admitted lint I In* 
pi nimble lil<* of Hi*' new mil is tin* most important factor that will 
help in determining tin; most economical section. As the probable 
life will depend chiefly on the rale of we'ir and as flic rile of wear 
depends. under ordinary conditions *>n a stiaighi roa*l ami ignorinu 
any question of tli«* <ptality or hardness of the steel, on rim gross 
t,U* ri;ij»i> per annum that is carried In I In triirl;. it is «* v i * I«■ 1 1 1 licit 
th * pndiuble life of any section of rail will depend on tin* \olmne 
of t raflic carried by the railway, in which it is to be laid, and will 
)te( be as much on a main line as on an unimportant branch lino. 
TVie probabh* life will also depend on the pei ini'-.- ibh* limit of v **i '* 
before the rail must he renewed; that is to sa\. if ihn probable 
ati nnal rate of w**ar is 02 lbs. per yd., the probabh* life will 
be .leicrmincil In tin* number of lbs. pel vaid II.at ma\ In* worn 
av\ itv before renewal becomes neressarv. 

t 

o. Tin* solutions of both tin* <piest ems, rel* rrrd to m part !. 
will depend, as lias been shown, on tin* limit o| slrrngih of worn 
mils ami flier** have been in tin* past no nilcs or d.’a available to 
fix that limit. The writer has, therefore, attempted to make use 
of such other data, as he has found available, in investigating tin* 
problem .with a view to arming at a practical solution. The first 
laef, that was brought t<* noli***, was that old type 7b lbs. Il.Ii. 
rails, wdiieh prove*! to be no longer (it for use in 111 .* main line 
under 17 ton engine axle-loads at unrestricted speeds, were found 
to has*' been worn down to an average weight of alnmt 72‘7t> lbs. 
per yard, with a resulting average “section modulus" of alnmt 
7*0. The conclusion arrived at was that tin* maximum driving- 
wheel axle load in Ions, which a rail could ctlieicntlv carry at 
unrestricted speeds, was alnmt 2 "2b times the section modulus of 
the rail-section, which agrees more or less with the tabulated 
statement, ok worn rails, showing theii moments of resistance and 
maximum axle-loads carried, to be found in the 4’hnpler on 
“ Permanent Way ” in “ Light Railway ronstrnetion, ” by K. M. 
Parkinson, 

0. It, was necessary to confirm this “ empirical ” conclusion 
■lby “ theory v and the track had lo bo considered for this purpose 


UAKV1CY ON STRENGTH AND WEAK OF BAID8. 

Dot It as a rigid structure, when the. .sleepers are laid direct an, 
steel girders, and also a-s an elastic structure. when tin* traek 
supported on an ampli* depth of good well packed ballast. AJtdffn: 
stiffness of rails, wtiglmig UO lbs. per yard and out, in umpUs it 
lboh- strength is sulliciem, and as it is these heavier rails, which 
are list'd on lint's with fast. heavy lratin' requiring ample stiffpess 
of track, rite question of stiffness has boon ignored in tlu* investi¬ 
gations, (he iesu11 > ol which are embodied in Ihis paper. If is true 
iliat i he si illness of rails. lighter than (JO lbs. jut yard, falls away 
inpidh , compared with tin* strettgih, as the weight per yard is 
reduced, These lighter rails, however, are not likely to be used 
except mi .Metre Oauge or .Narrow tin ago lines, on which the 
maximum running speeds of Mains are,not likely (<» be as high as 
ltd miles per hour In him I he lighter llte rail, the lower 
prohalde maximum tunning speed will he on the line, on which it 
n likely to hi' used, and it may safely he assumed tlial the 
maximum speed on metre gauge railways will not exeied Hi miles 
per hour and that on narrow gauge railways it will he as low as 
go , oi ex iti l*d. miles per hour. For lliis icason, i! is considered 
that '-i ill ness in rails, lighter than (JO lbs. per yaid, in not of the 
same impoiinnee as Joi the heaxiei si to ions of mil and that the 
maxiimmi pel missihle a\le loads mav lie taken as 2} times the 
section modulus I'm these lighter rails also 


II. id MIT OF STRENGTH. 

1. In eonsideriug the maximum strain, which a rail may he 
subjected to bv a ( •rluiu driving s^heel axle load at unrestricted 
speeds, a I le w a m e must he made for the following factors in 
addition to half the dead weight of the axle load : -- 

ia\ Fffem of oscillation and concussion, whiih momentarily 
t blows more than half the axle load on to each wheel. 

do Hammer action of emmterweighls on the 1 dri\mg w heels, 
which are usually (host* having (In 1 maximum axle-load. 

(cf Impart, due to sudden application of the moving load. 

The worst effect on the rail occurs when (at thy and (id happen 
to coincide and this maximum HTeri must be considered, when 
considering the minimum strength of rail, (hat may be used tinder 
any given axle-load, treating the track as a rigid struct tire when 
the sleepers are laid direct, on steel girders. 

2. The absolute value of a factor that will cover <«) is 
impossible to calculate but Trautwtne, under *• Friction,” gives the 
results of an experiment, made by Wellington, with loaded freight 
cats at. speeds varying from 0 to Jh r > miles pet* hour, ro arrive at the 
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valuta of ear resistance at various speeds. In the results obtained 
the resistances, due to (1) axle, tyre aim flange, (2) oscillation ami 
concussion ami (fy air resistance, were separate*!. According to 
Trautwine also, the coefficient;, of friction is independent of the 
area of surface in contact and in the case of kinetic friction the 
coefficient is independent of the velocity. In other words the fric¬ 
tional resistance depends solely on the total pressure or weight at' 
all velocities. The results of Wellington's experiment proved that 
the resistance due to (2> was negligible at 10 miles per hour hut at 
MO miles per hour (2) was approximately cquuly to (1) and a I 
HO miles per hour it was about ball what it was at MO miles per 
hour. As MO miles per hour is about the maximum speed for M. G. 
trains, and the minimum -speed for 11. G. mail trains, that is a 
suitable speed to consider in connection with strength ot rails 
on 15. G. and M. G. main lines, for unrestricted speeds. The 
increased resistance due to oscillation and concussion is partly due 
It) increased weight thrown on to the bearing surface, resulting in 
increase*I triclion, and partly due to tin* resulting increase of wave 
motion in the track, which compels tin* wheels to continually climb 
up a grade on to the higher portion of tin* rail head. It is 
impossible to separate these two portions of the increased 
resistance accurately but they may roughly be taken as one third 
due to extra weight thrown on-’the bearings and two thirds due to 
wave mol ion. Wo may, therefore, take the maximum additional 
pressure on tin* rail, due to oscillation and concussion at un¬ 
restricted speeds, at one third the static wheel-load. 

M. The absolute vain** of (h) is also difficult to calculate but if 
is far from negligible. It has been found b\ experiment that, if the 
driving-wheels are balanced so as to counteract horizontally the 
full weight, of the reciprocating parts, (he effect mi tin 1 pressure 
between wheel and rail is so great as to cause flu* driving-wheels to 
leave the rail at high speeds, when tin* counterweights are up, and 
to progress in a series of bounds. A fully horizontally balanced 
driving-wheel, therefore, produces an effect on the rail equal at 
least to the static wheel-load. If tin* driving wheels are fiillv 
balanced vertically on the other hand, so that the rail barely 
suffers at all, the vibrations in tin* locomotive ITatne and hotly are 
excessive. In counterbalancing driving-wheels, therefore, the 
golden mean is aimed at but even that gives a great momentary 
excess, uv«*r the static wheel-load, of the pressure on the rail, which 
may be taken as about a third of the static wheel-load for a well- 
balanced locomotive. 


4. To allow for (c), if the static weight on a wheel is suddenly ' 
applied to a short spa-n of about 2 ft. of rail, the impact factor, by 
which it must be multiplied in order to obtain the necessary addi¬ 
tional allowance for impact, is about 1*83 according to the laths* 
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Bridge Rules. This would, however, give a totalload ofmore thah 
double the static load but, as hammer action of counterweights 
and lurching of the locomotive have been allowed for separately, 
the allowance for impact may be fykeu as only double the static 
load, which is the theoretical maximum for a load suddenly applied. 
The total maximum load, which a rail has to carry, is therefore 

W; (■;{;{ + ■;« + 21 


*s - x2 fi(i, where A -- the maximum axle-load. 


5. Taking the most favourable conditions. under which a rail 
may he called upon to hear this load, so as to allow' for any 
tendency in paras 2, .*{, and 1 to overestimate the value of the total 
load, we may consider tin* rail as a girder, fixed at both ends and 
supported on full width sleepers, so well fitted on the girders that 
they do not sink or tilt. Considering the ease of a flat-looted rail 
resting on a. sleeper 10" wide, as the maximum permissible spacing 
of sleepers on girders in the case of Broad (lunge track is 2' (*" 
centres, the effective span of rail may he taken as 2(i (»(>", t. a. 
one third of the w idths of the. hearings plus the clear span, as is 
done in the case of girders with ordinary fixed hearing [dates, in 

W /, 

such a case M , where M moment of resistance m 

inch tons and effectivi* span in inches 


or 10 x X 


A 


O. 


0(5 x 


LOitiO 


or A - X 


10x2x8 
2 Oh x 20 (iti 


2 25 X approximately. 


Where X is the minimum section modulus of a rail to carry an 
axle load of A tons, and 10 tons per sq. inch is the maximum 
permissible working stress in the steel. 

The limit of safety, therefore, appears to he when the section 
modulus of the rail is equal to four-ninths of the driving-wheel 
axle-load, or eight ninths of tin* wheel haul in tons, which agrees 
with the empirical conclusion, referred to in para. . r > of Chapter I. 

(i. This result has also been verilied for track treated as an 
elastic structure, as detailed in the following paras., on the lines 
of the investigations carried out and results obtained in ^America, 
vide Proceedings of the American Society of Civil Engineers. 
January 11HN, pages 58-247, relevant extracts from which will be 
found In Appendix 1. None of the track tested in America 
coincides with worn 75 lbs. rails and Indiart spacing and size of 
sleepers, but the nearest to this is 85 lbs, worn mils with 6 to 12 
inches of ballast under the sleepers and the results, obtained on 
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that track with a “ Mikado *’ type locomotive, have bteen Adopted 
in these calculations, where necessary. 

7. Paras. 5 and (i of (he extracts in Appendix 1, contain 
formuhe for a single static loa^and the method of modifying the 
results obtained from them, so as to allow for. a* serii*s # of loads. 
That these formulae give results closely approximating to actuals 
was verified by the tests made subsequently. The greatest Pending 
Moment is usually to he found under the leading driver and this 
has been selected as the wheel to be considered in this connection. 
The value of Tv’, the modulus of elasticity of rail-support, has been 
taken as 900 lbs. per inch, somewhat less than for the American 
85 lbs. truck, vide para 17 in Appendix I. The rail considered is 
an old type 75 lbs. I). 11. rail worn down to about 72 70 lbs., with 
a Moment of Inertia of 20 05 and Section Modulus of 7 0. 

8. According to an equation iu-para. 5 Appendix I, the maxi¬ 
mum’ bending moment under a static load, representing a single 
axle load, is M (i — p 4 K.l. 

/ t»4u 

Wher e P is the wheel load and 10 is the modulus of elasticity of 
steel, which imiy he taken as 20.000,OOOlhs. per* sq. in. Substitut¬ 
ing maximum stress in the rail multiplied by its section modulus 
-for M. and IT25 times the section modulus for P, we get 
f r 0 I T 25 T'0 :{(),()()(>,000 x 20-.45 

(H x !>00 

or f - IT25 x x v |(,(ioo 

1TT2 tons per sq. in. 

From another equation, in para. 5 in Appendix I, we gel 
4 / IK.I, 

V / 

", 4 s/ 

- -79 x 41 
^ 32" approximately. 

, In order to allow for the effect of the other wheel-loads on the 
amount of bending moment under the first driver of a Mikado ” 
type locomotive, with about 17 tons axle-loads on the drivers and 
10 tons axle-load on the pilot wheel, which is the average ratio of 
axle-loads on Eastern Bengal Railway locomotives of similar types, 
we get, according to para. 0 in Appendix T. 


Effect of 1st driver 

of pilot wheel f 

X 

*. 

3-25) x 

+ 100 

- 0 05 

of 2nd driver ( 

X 

7 

= 2-00) 

- 0*21 

m- 

* of 3rd ,, ( 

X 

X 

1 

- 4T) 

- 0*04 

i 

• 


+ 0‘70 


* of 3rd 



:V Multiplying by this factor the maximum strews due to a mcijiJt 1 ! 
static loud, we get for the maximum static stress under the liist 
driver- 


- f >: •7b, -- Il-W x 70-7 bit tons per sq. in, 

D. Tliis must now be multiplied by the necessary factor to 0t 
the stress at a speed of 00 miles per hour, which is the usual limit 
for unrestricted speed. From Table S in Appendix I, taking the 
results of tests with n “ Mikado ” type focouioii\e over STdbs, rails 
in UHU, we get an increase in stress ol' Ml per eeut. for each mile 


per hour increase of speed greater than 5 miles per hour, vide psmu 
fb—“Effect of Speed ”—in Appendix 1. Tin* average for all four 
drivers works out to 41 per cent. The i mis were all made with the 
counterweight in its lowest position, as it passed over the instru¬ 
ment. The results of the 10.1b tests were not so reliable, owing to 
the instruments noticing as accurate as they were made later. 


At 00 miles per hour the percentage increase of stress will be 
fib x -44 - 2d per emit,., and the corresponding maximum stress in 
the rail will be 

f,i, - 7 00 x | AM 0 01 tons peY sq. in. 


10. Ao allowance ims been made for “ lateral bending,’’ “ con¬ 
dition of track ” anil " \ariability " factors, ride j-.aia. 55 in Ap¬ 
pendix 1, as the factor of safety, which has been used to arrive at 
(lie working stress of 10 tons per sq. in., may be relied on to cover 
these unforeseen excesses. This factor of safety has been taken as 
low as one-fourth, the minimum permissible breaking stress oJ rail 
steel being 40 tons per sq. in., according to the British Standard 
Specification. 


It may appear to In* very stiangc that treating the permanent 
way, as a. rigid structure in one case and ns an elastic one in the 
other, should both give practically identical results, but this is 
eapa-ble of explanation. The rigid structure supposition increases 
tin* impact, effect very greatly, although the <ll’eeti\e span of the 
rail is comparatively small. The elastic quality in the other case 
reduces the effect, of impact because pari of the approaching load 
gradually affects a length of rail between two consecutive sleepers, 
while the load is some distance away, but at the same time the 
sinking of the sleepers results in a proportionately greater bending 
moment in the rail for the same wheel load, due to tlx* length of 
effective Span of the rail-girder being increased. This goes to 
prove that the same section of rail is suitable for tlx* same axle- 
load both on girders and on ballast, the, only difference being that 
there is more “ jar ” when the load is moving over a girder. 

Ji. In order to make a further check of a better type of track 
than worn 751bs. rails, the case of new UOlbs. F.F. B.W,trails, with 
a moment of, inertia of 34 50 and a section modulus of 12*30, may 
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he considered. This l.v[n; of track is sure to Ik* stiller than the worn 
7711 is. rails and “u ” in this cast* may Im* taken as l,0001bs. per 
inch. 


As before. 


l/.-ltt.otHMKn x 

M (i ™ I / 

^ til X 1000 


- 11 27 l\ 


The maximum permissible wheel load at unrestrieted speed for 
this rail is 112.7 times its section modulus, ride para. 5 above. 
Therefore we <;el 

f x 12 :5 11 27 > 12:5 ' I 127 

or f 12-(IS Ions per sip in. 


Ajjain as before, t 


-r l/i x do.ooo.ooo x :5|-7 
I / ~ 1.000 


:?(»’ approximatch. 

To obtain the statu - effort of wheel load of 1st driver of a loeomo- 
Iive, with about 27 1 , tons driver axle loads and Iti] tons pilot-wheel 
ax le load — 


Effeet of first driver 

r 

v \ 1 (> 27 

< 100 

0-00 

jiilot wheel 

2-SS ) 

Vs, 

/ -Jr.) 


,. 2nd ilrix ei 

c 

- IS1 ) 

0 20 

,, ,‘{rd driver \ 

( s 

- d ot; j 

0-07 


V n . 

) 

-1 (Mil 


Thej efore f t) 12 OS * 0 01 

- S i 1 Ions per sip in. 

Allowing lor a inaximum speed of lid miles per hour \se {jet 

t,, Sdf* 121 

- 1000 tons per sip in. 

which is just mer the permissible limit of 10 tons per sip inch. In 
annul prarliee a new OOJbs, 'ail wouM not be laid unless Hie 
maximum a\h* loads were \er\ intieli less than used in these calcu¬ 
lations so as to allow ample margin fur wear of the rails. 

12. A “'ain taking the ease of the modern Standard ,\f. <1. traek 
of (idlbs. F. F. H. S. S. rails, with a moment of inertia of 11‘80 
and a section modulus of b - 71, we «i<*t for such track a permissible 
maximum axle-load of about 17 tons on the drivers and a corres¬ 
ponding axle load of X| tons on the pilot-wheel may be taken. Jn 
this ease tl*t* modulus o! elasticity of rail support, “u,” may lie 
taken assXOOlbs. per iueh. 
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f 1()0 

- non 

OLMI 

- 0 On 

+ 0 73 

f tl - io s:> x o t:» 

- 7-93 tons per si|. ill. 

At GO ni.p.h. we gel 
f,i. 7-5Kt x 1-^ 

ft 9 83 Ions per sq. in. 

In actual practice tin* maximum axle loml on a section laid 
with new GO I 1 is. rails, would he mm It less limn Unit used in 
these calculations and wonhl alloy* some mai^iu Joe wear oi the 

rails. 

Id, The results of the im estiva (ions, set forth in this note, 
appear to indicate that the limiting strength of a rail, for 
unrestricted speed, imi\ lie lived tor all piactical purposes on 
the basis of a maximum jiermissihle driving wheel axle load in 
tons (*(jtial to 2-Ur* iinu*s the section modulus of ihe rail. For 
restriered speeds, (lie permissible loads would he higher and 
could he obtained by working haekvvards. taking the value of 
f tls at 10 tons per sq. in. and allowing for the restricted speed 
on the basis of 11':, increase in stress for each mile per hour 
increase of speed greater than 5 miles per hour, ride para. 9 of 
this chapter. 

14. Another important point, that may also be considered, is 
the limiting strength of rails as compared with loads on axles, 
other than driving-wheel axles. The former exert, no pressure oil 
the rail due to action of counterweights and. therefore, it follows 
that such axles may carry heavier loads than driving-wheel axles 


Working on these data as before, we get 

M„ = P 4 /' : ! "-"" r > | : ' x 
v / HlxHOb 

- 9-651D. 

f x 6*74 - 9 05 x 6 71 x 1125 
f - 10-80 tons per sq. in. 

& V 4/ -1 x Mhdi) !,(><)<) x 1 t -8 
x i “ V v' ' 800 


- dll 7 approximately, 
lifcel of 1st driver 


,, ,, 3rd driver 


pilot wheel 
.. ,, 2nd driver ^ 


( ) 

( ) 

- 1 40^ 


ci.) 

i .V0 
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for (lie siiine strength of rail. This is an important consideration 
born use, although it is possitde and generally the practice ft) use 
lighter engines on unimportant and branch lines, so as to enable 
lighter permanent way to be laid thereon, it is not .jlesivable to 
lestriet I he use of u agons, <lesigned to carry loads which aiv 
economical and which should not he unduly restricted, so as to 
suit the lighter permanent wa> of the unimportant and branch 
lines. 

15. Reverting to the analysis of the elfeet of driving-wheels, 
in paras 1 to 5 ol this chapter, and omitting from the formula, 
at the eml of para 1. the factor for effect of counterweights, we 
get, for the maximum load which a rail has to earn — - - 

W A g 


\V/ 

Substituting this value 4 of \Y in the conation M — . vide 


para 5, vve get 
10 - X 


,\ gt; t;<; 

x - :»:i x - 

s 


10 ; 1! XX „ . . 

or A \ x , 2 ,m X aiun'o\imal‘-l\. 

x -i. (i(i 11 

This represents an increase ahont II";, on the permissibh 
driving wheel axle-load. 

The minimum section modulus of rail for an ordinary axle-load 
>f A Ions is, therefore, IS" A for nn res (Hr ted speed. This 
would applv lo coaching vehicles but in the ease of goods stock, 
as goods trains are not likely to run at more than about .‘{<1 
miles an hour, a further increase for restricted spied is per 
missible, which gives ihe following result- 

J .0 I 

A -• ‘ < 2 57 X - 2-87 X 

111 < 

which represents an increase of about 28',, on I lie permissible 
driv ing wheel axle-load. 

As a rough rule, it may be considered that permissible maximum 
axle lomls of goods slock may be 25a,’, heaviei than the permissible 
maximum axle loads of engine driving-wheels for the same rails. 


111. HATH AM) PERMISSIBLE LIMIT OF WEAK. 

Having arrived at a dotinUe conclusion regarding the strength' 
of rails and the maximum axle-loads, under which they may be 
used for unrestricted speed, the next point to be coushicml is tin* 
probable life of a rail in the track, which is dependent on the 
permissible limit and rate of wear under the known or anticipated 
volume of fra Hie and maximum axle-load, which it will have to 
carry. 
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2. To arrive at tin* prohalde lile of a rail in (Ik* main line, 
the tiftst step will be to fix llu* permissible limit of wear, after 
which (lie weight of metal per yard, that is available for wear, 
can be determined. The next step will be to estimate the 
probable average, rate of wear, in fractious of a lb. per year, from 
the known or anticipated volume of iraHie on the railway, in 
which the rail is to be laid. As will be shown in the next para, 
three limils of wear have to be eonsidered. The lirst. limit, based 
on,the* strength ot worn rails, w i 1 i be fixed by the conclusions 
arrived at in (he pm ions chapter. In order to he able to 
ascertain readily, when required, the permissible limit of wear 
lor any particular axle load, if will Is* desirable to prepare and 
keep on record charts, similar to that appended as Plate J. for 
all standard sections of rail in use on a railway, Such turves can 
be easily drawn after plotting the calculated section modulus foi 
the rail, worn down by various amounts within tin* specified 
limits. 


2. The llii'ec* factors to be considered, in connection with-the 
permissible limit oi wear, are (1) tin* limit. based on tin* strength 
ot the worn rails, as compared with the maximum axle-load in 
use, (2) that based on tin* reduction of depth ol the head of the 
rail to a point, beyond which there would lit* a risk of wheel 
linages striking tin* heads and nuts of the fishbolts and (d) that 
based on the head being* worn down to a cross section, width does 
not provide an adequately strong table lor tin* wheels to bear on. 
without risk of (In* inner edge of tin* head being bent or sheared 
oJT. In t*very case that limit, which is lirst reached as the rails 
wear, must be taken as the permissible limit. Ifi most east's of 
rails in tin* main lino the permissible limit won! I be that based on 
strength and tin* othei two limits would probably apply only in 
tin; case of rails in sidings over which locomotives do not run at 
high speeds. The latter limits must not, however, be lost sight 


*d tve 


cases whole a much heavier 


than D warranted by the axle loads in list*, has been laid in tin* 


track. 


4. Tin* limit, based on (he possibility of wheel-flanges striking 
flu* heads and nuts of lishbolts, depends on the highest possible 
position of any part of such heads or nuts and on the maximum 
, permissible projection of flanges of worn lyres below* rail level. 
The former factor can be ascertained from a drawing of the type 


of rail joint to be used with the rails, and tin* latter is limited to 
I I'm* 5' ff*gauge and 1{" for metie gauge railways in flu* 


fi*’gauge 


“ Schedule of Dimensions ” on Indian Railways, prescribed by tin* 
Railway Board. A margin of safety is necessary in this case and 
this margin has been fixed at 1/ft'' by tin* Railway Board, who have 
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fixed the “ minimum depth of space below rail level for wheel- 
flange,’ 5 in all points and crossings, at 1^" for !V U'' gauge and 
1 for melre gauge railways. Drawings, similar fo those repro 
duced in Plate II, will euable the area, of cross-settfion of the 
rails, available for wear to be ascertained in each <*ase and from 
tliis area the weight available for wear, in lbs. per yd., can 
easily be calculated. With ref. to the closing sentence of para. It 
of this chapter it will be evident from Plate 11 that, if tit) lbs. 
F. F., It. S. S. rails are used with comparatively light axle-loads, 
their life is almost certain to be determined by the ” depth ” limit 
of wear. 


5. The third limit, based on adequate cross-section of the 
head, is easily ascertained in the ease of bullheaded rails, which 
may be worn down until the cross sections of the head and foot 
are equal in area. The amount a\ailable for wear can be obtained 
from the “ Tabic of Dimensions, showing Areas of Head, Web and 
Flange,’’ embodied as Plate 2 in the “licitish Standard Specifica¬ 
tion and Sections of Hull Head Railway Rails.” In the ease of 
Matfooted rails the fixing of such a limit is a more dillicult matter, 
because a greater percentage of the metal has to be concentrated 
in the foot of the rail, in order to gel a base wide and strong 
enough to prevent, overturning of the rail under trains. The limit, 
in the case of these rails, may, however, be taken at 15% of their 
total weight, when new, as this is about the average limit in tin* 
case of bull-headed rails. In tin 1 worst cast's this limit of wear 
would leave nearly 30% of the original weight in (lit* head of the 
worn rail, vide Plate 2 of the “Hritish Standard Specification and 
Sections of Flat Rot torn Railway Pails.” In this connection 


attention is drawn to rhe fact that the limit of wear, on the basis 
of the preceding para., is only l>',o in the ease of fit) lbs. F. F. 
rails used in M. G. track. This is due to the fact that the size of 


nut used with the fishbolts is the same as for 01) lbs. rails, although 
the holts themselves are 1/8" thinner, if flu* size of the nuts were 
reduced in proportion, the limit of wear could he increased con¬ 
siderably. To get full value out of a rail it should he possible to 
wear it down hv 15% of its weight, when new. reduction in the 
size of the nuts is, therefore, very necessary, if 00 lbs. F. F. rails 
are to he used to their full economic limit. There appears to be no 
reason why smaller nuts should not bo used. 

6. Before closing this chapter the question of rate of wear * 
must be considered. According to Wellington the average life of 
good steel rails has been determined with a considerable approach 
to certainty, hut his statement is based on the general considera¬ 
tion that 10 to 15 lbs. of a rail, weighing GO to 80 lbs. per yard, 
is available for wear. His figure, of 150 to 200 million gross tons 
carried, is not based on any permissible limit of wear for any given 
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axle-load ami cannot be used as a reliable measure for the life of 
all sections of rails and various axle loads. Mis figure for rate 
of wear is, however, fairly doliuife and has been adopted in the 
investigations made by the writer. This figure is a rate of wear 
of 1 lb. per yard for every 10 million gross Ions carried. This rate 
of wear will have to be cheeked and will probably need to be 
.modified by each railway 1o sail loeal renditions. The rate will 
vary considerably in exceptional eases, such as bill seel ions of 
a railway with steep gradients, and will evidently not apply to 
wear on any Imt the easiest of curves. Rates of wear, in all 
eases, should be worked out from information available regard¬ 
ing the wear of the rails in the past on the particular section 
of line under consideration. 


IV. SELECTION OF .MOST ECONOMICAL SECTION. 


1. In order to select the most economical station of rail for 
use in renewals, or new works, it is ueeessaiy to know the probable 
life in the main line and also the estimated cost, laid in the track, 
of the rails and fastenings. The cost of sleepers should not be 
included, as these usually become unserviceable quicker than and 
have to be renewed quite independentl\ of llie rails. Another 
factor of importance is the condition ol the rails, and consequent¬ 
ly their return \aluc, at the end of their probable life in the 
main line. Rails, that are used for about (JO years in the main 
line and are quite unserviceable for furl her use as rails at the 
end of that period, will have less return value in a relaying esti¬ 
mate than rails that have been in use for only 2b years and are 
still lit for use in unimportant branch lines or sidings. 

2. When the probable life, initial cost and probable return 
value of any section of rail, which il is proposed to use, are known, 
a measure of its cost, suitable for comparison with other sections 
of rail, cun bo obtained by ascertaining the annuity required to 
redeem, in the form of a sinking fund maturing at tin* end of its 
probable life, the difference between its initial cost and return \nlue, 
taking compound interest at the current rate of interest, payable 
on Capital borrowed for railway works. Tables of such annuities, 
for different periods and rates of interest, will be found in both 
Wellington and Trautwine. To this annuity must be added, in the 
ease of the more expensive, sections, the interest per annum, on the 
additional original cost over ami above the original cost of the 
cheapest section. 

The simplest method of arriving at a definite result is to 
estimate first, the probable life and return value of each of the 
sections of rail, from which a choice has to be made. The annual 




cost, based on probable life and return value of each of mose 
sections, should then be ascertained and by a comparison of the 
annual costs the most economical section will immediately become 
evident. 

3. The choice of sections should ordinarily be limilcd to the 
standard sections in use on I lie Kail way concerned, as the use of a 
large variety of seel ions on (In* same railway is not desirable and 
involves keeping much larger sioeks ofpoinls, crossings and fittings 
of {ill descriptions. For instance, if a 5 (5" gauge railway' had 
adopted as standard practice tin* use of roils ol 90 lbs. amt To lbs. 
per yard, t lie choice ol i lie weight ot rail to be used, for renewals on 
the main line or for a new branch line, would be limited to those 
two standard sections. Accordingly, the probable life of both the 
seetions of rail would lirst be estimated and also their probable 
return \alue at flu* end of their lilt*. These data, in addition (»» the 
known initial costs of tin* rails, laid in ihe track, would enable the 
annual cost, math* up of tin* necessary sinking fund, referred 10 in 
para 2 of this chapter, plus interest on additional cost in the east* 
of the 90 lbs. rails, to be ascertained lor each section of rail. A 
comparison of the annual costs would indicate which of the two 
seetions if would be more economical to use for the proposed work. 

•1, To make all clear, a specific instance may Ik* taken and a 
suitable case to consider w ill be t lie select ion of I he more economical 
section of rail for renewals on a railway, which has locomotives 
with present and future maximum axle loads of 17 Ions and whose 
standard rail-sections are F.F., JI.S.S. rails of 90 lbs. and 7b lbs. 
per yard. The average \olume of Irallic for lour of Ihe important 
ii. (1. Kailways in India is 2 5 million gross (on-miles per miming 
track mile per annum stud I his may be taken as the volume of traflic, 
which the rails will ha\e 1o carry. According to para t> ot tin* 
previous chapter, the rare of wear of the rail will be ‘lib lbs. per 
yard per annum. A 7b lbs. 1*\F. I’.S.S. rail, worn down to (15 lbs., 
has a section modulus of just about 7 5., the minimum for 17 ton 
axle-loads at. unrestricted speeds, but, as the “depth'’ limit of 
wear of a 7b lbs. rail is about, H b lbs. per yard, the probable life of 
the 7b lbs. rails will be h b 0'2b 31 years. Similarly a 90 lbs. rail 
must be worn down to about 72 lbs. yard before its section 
modulus is reduced to about 7 b bn I, according to para b of the 
preceding Chapter, I lie 90 lbs. rail must not be worn down by more 
than 15%, i.e. 13 5 lbs. per yard, and litis would give a probable 
life of 13 5- 0 25-51 years. 

*j 

5. The worn 7b and 90 lbs. rails, having been worn down to one 
of the maximum permissible limits, wdli be quite unserviceable for 
further use as rails and their return value as scrap may be taken 
ait 50% of their,original cost. This Jigure has been taken because 
unserviceable mils appear to be readily saleable at such a rate to 
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the public for building- ;utd other purposes. Considering Hie 
original cost of one mile of track of*each section, including cost of 
relaying, etc., but excluding cost of sleepers, Hie results obtained 
aiv tabulated below. The cost of relaying lias been taken as 
Rs. 3,000 per mile in each case and includes carriage and other 


charges. 
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D will be seen from tin* above statement tint 75 lbs. rails would 
be more economical in the ease under considermi m. 

(i. A suitalde tabulated form, in which to compile a «.om- 
para(i\c statement (-1 I lie costs ol varbnm Motions of rail, from 
which a selection lias to be made l<n proposed work, is attach¬ 
ed vide l’latt* 111. If such a statement formed one of Hie i-n 
closures, accompanying even estimate 1 >r pernrnr-iil wav, either 
new or tor renewals, in the mam line, ii would In* of great assist - 
a nee to tin* sanctioning authni it •, in aniving at a decision. 


v. concM'dim; remarks. 

1 . The writer's attention lias been drawn to the short article, 
ou “Ministry of Transport Hegulations ami the Strength of 
Rails,” in the “Railway <lazede“ of dime 20th, 1023, in which 
article the “apparent” strength ol steel and “scrap” depth of a rail 
are introduced into the calculation of tin strength of a rail. The 
■former might probably be safely included, if all the factors, that 
are referred to in para. 10 of Chapter II of this paper, could also 
be included in the calculation. lu view, however, of (he fact that 
lateral bendiug of the rail results in stresses at tin* outer edge 
of the foot of the rail greatly in excess of the average stress at the 
foot, it is not safe to take into consideration “ apparent ” strength, 
based on tests conducted with beams, which were presumably not 
subjected at the same time to lateral bending or distortion. Para 
53 in'Appendix I may be referred to in this connection. 
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2. Ah regards the “scrap” depth of u rail, which is refer¬ 
red to by the writer of tin 1 Article in the “Railway Gazette” and 
which is taken as the depth at which wear of the head has reduc¬ 
ed, its sectional urea to that of the foot, this lyilo may apply to 
hull-headed rails but cannot fairly be applied to tint-footed rails. 
If it is applied to the latter, the permissible limit of wear will 
be so curtailed in many eases tlial the rails will not be economical 
to use. For instance, the application of (bis rule would limit the 
permissible wear in 00 lbs. F.F. rails to about 7 lbs. pen* yard, 
the same as tin* limit, for f>0 lbs. F.F. rails. On the other hand 
a !)() lbs. It.II. rail may. according to the same rule, he worn down 
to the extent of about 13 lbs. per yard. This question has already 
been dealt with in para of Chapter Ill. 

3. The writer has also heard mention of another rough rule 
that limits the wear of a rail in the main line to 10 per cent of 
its weight, when new. lie lias not been able to fraee any technic¬ 
al paper on the subject nor can lie admit that such a rule is cap¬ 
able of universal application without leading to anomalies, just 
as the ‘‘scrap’’ depth rub* does. An inspection of the sections 
of 03 lbs. and 100 lbs. K.II.ll.K.K. rails will disclose llic fact that 
the whole of the extra f» lbs. per yard, in the case of the latter 
sen ion. has been used in increasing the depth of the head and 
there is no reason, therefore, win the 100 lbs, rail should not be 
allowed to wear down, during its life in the main line, by 5 lbs. 
per yard more than the !)."> lbs. rail. .Moreover, in Paper No. 2172, 
“On the Wear of Steel Rails,’’ published in Volume LXXXIV of 
the .Minutes of Proceedings of the Institution of Civil Fngineers, 
it is mentioned that “On the London and North-Western Railway 
in 1X77 iron rails, taken out of the line in relaying, were credited 
to the district at 71 lbs. per lineal yard, an average loss of 10 lbs. 
on tin 1 original weight. At the present time tlXX(l) XI lbs. steel 
rails are credited at GG lbs. The stronger and fairer metal retains 
its form and the rail generally remains uniform on the head from 
end to end, until it is considered too light for a safe and easy 
running road.” Tt is evident, therefore, that in 1XXG it was found 
possible to leave steel rails in the track till they had lost as much 
as 21 per cent, of their original weight 

1. There is, however, a good deal to he said in favour of limit¬ 
ing the wear in the main line so as to leave a margin for further 
wear, when the rails are removed from the main line and laid in 
sidings. This procedure would enable sidings to be laid and re¬ 
newed almost entirely with old rails released from the main line, 
so that all the money expended in the purchase of new rails would 
be employed in keeping the main line up to a high standard of 
excellence. If this principle is adopted, the maximum permissible 
limit of wear, based on paras 4 and o of the preceding Chapter, 
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would have to la* divided up into two parts and only the first part, 
amounting to two-thirds of weight per yard, available for wear, 
would lit' considered in arriving at the probable life of a rail in 
the main line, the ret urn value in every case being taken as that 
of second hand rails lit for use in sidings, etc. Tin* adoption of 
this principle would alleet the comparison of 5)0 lbs. and 75 lbs. 
rails, made in para 5 of the preceding (’hapter, and, taking the 
return value of second hand rails as two-thirds of the original 
cost, a revised result would he obtained as follows,-- 

00 Ihs. rails -probable life .‘{I! years- Annual Cost Rs. .'WO 

75 lbs. rails—probable life 22 years -Annual Tost Rs. 2,‘SO 

So that the 75 lbs. rails would still be more economical to use 
in the case under consideration. 

The adoption of ihis principle would necessitate a modification 
it* the sample form of comparative statement of the costs of 
various sect ions of rail, Plate III. A Her the columns of ’‘Permis¬ 
sible Wear in lbs. per yard" .mother column, “Permissible Wear 
in Main line," would have to he added. 

5. Since the bulk of this paper was written, the writer has 
made further investigations of existing conditions on Indian Rail¬ 
ways to check the general conclusion arrived at. On tin* South 
Indian Railway, some years ago, the running of locomotives with 
15 ton axle-loads over 00 lbs. F.F. rails was sanctioned with a 
speed restriction of 25 miles per hour. A correction tor restricted 
speed, as indicated in para 12 of Glnpter II, gives 12 ton axle 
loads at unrestricted speed as equivalent to 15 tons at 25 miles 
per hour. The section modulus, of one of tin* worst worn rails 
now in tin* track, is about 5.S and 2j times this figure gives the 
in ton axle load, referred to above. 

Again it is known that old it] lb. F.F. rails have been in use 
for many years under S ton axle-loads, at restricted speed of 
about, 25 miles per hour. 'Phis is equivalent to 7 ton axle-hauls 
at 00 miles per hour, which is less than the permissible maximum, 
even when the dl \ t lb. rails are worn down to R) lbs. per yard 
and their section modulus is about 2 2. Finally there is the case of 
the 20 lbs. F.F. rails, in use oil the Gwalior Light Railway, 2'IP 
gauge, with 0 ton axle-loads and a maximum speed of 15 miles per 
hour. A correction for speed gives an equivalent axle-load of 
about 5 tons at 00 miles per hour. As the section modulus of the 
20 lbs. F.F. rails, when new, is about 2 2N and an axle-load of 
5 tons at 00 miles per hour requires a minimum section modulus 
of 222 only, the list* of 0 ton axle-loads at 15 miles per hour 
leaves ample margin for wear of the rails. 

(Sd.l, A. F. HARVEY. 
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COMPARATIVE COSTS OF VARIOUS SECTIONS OF RAIL. 
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APPENDIX I. 


Extracts from the Report of the Special Committee, 
appointed by the American Railway Engineering Asso¬ 
ciation, to report oh Stresses in Railroad track. 

II.- THE ACTION OF TRACK AS AN ELASTIC STRCCTT KE. 

3. The general Behaviour of Track under Load.—A proper 
conception of the fundamentals underlying the action of track- under 
load may be had only by considering the track as an elastic struc¬ 
ture under load : The wheel loads are applied ou the top ot the 
rails, the rails act as flexible beams which rest on flexible, supports 
(ties), and the ballast and roadway on which the ties rest are them¬ 
selves yielding or flexible. The action of the various parts of this 
elastic structure affects the action of other parts. It is evident that 
the quality of flexibility and elasticity and stiffness of flu* supporting 
substructure constitutes an important element in track action, in¬ 
fluences very greatly the action of the rail, and affects the stresses 
developed in the various parts of the track. 

Due to the stiffness of.the rail and the yielding of its supports, 
the load from a wheel will be distributed o\er a number of ties. It 
is evident that the amount of yielding of the supports affects the 
values of tlie moments and stresses developed in the rail. As the 
distribution of the wheel load among a number of ties produces 
upward pressures or tie reactions of varying amounts, the 
determination of these tie reactions is connected with the problem of 
determining analytically the stresses in tin* rail. The properties of 
elasticity and stiffness in tin* rail, the tie, the ballast, and the road- 
way enter in a complex manner into the development of the stresses 
in the track structure, the relative stiffness of the various parts 
affecting the results in any one part. The spacing of the wheels of 
locomotives and cars longitudinally along Ihe track also influences 
the division of the load, as pressures on the various ties, and hence 
influences the value of the stresses developed in rails, ties and 
ballast. The track is flexible, and its action under load is exceed¬ 
ingly complex, especially under the variable conditions found in the 
bearings, ballast pressures, and roadway resistances. 

Before attempting to give an analytical treatment of the 
moments and stresses developed in the parts of the track structure, 
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if may In* well to discuss in a general way the action of that struc¬ 
ture. It is helie\ed that this may be helpful in forming pioper 
(‘(inceptions and in showing that certain notions of tin* manner in 
which the rail acts are incorrect and misleading. » 
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L'i«r. 1. Assumed tie reactions for one-axle load. 

A number of writers have obtained expressions for tin* bending 
moment and stresses in a rail by considering the latter as a simple 
beam supported on tin* two adjacent tics, with the wheel load at a 
point half way between. This assumption gives a positive bending 
under the w held of j /'a, where l* is the wheel load and a is the 
distance from cent re to cent re of ties. Other writers assume the 
beam to be fully restrained over the adjacent ties, this makes the 
posithc moment Pa and the negative moment ( Pa. Among other 
values which have been put forward are those of 0 IS Pa for the 
positive bending moment under tin* load, and 0 0!) Pa for tin* 
negative moment, which is considered to be over the adjoining tie. 
in all these it is virtually assumed that the load is taken only by 
the two ties adjacent to the load. 

The conditions fora single wheel load may he approxlmah .1 b\ 
taking tin* upward tie pressures as the loads on tin* rail and the 
v. heel load as the reaction and in effect considering tin* rail cut at 
llie last tie. The wheel load is distributed over a number of lies. 
The proportioual part of the wheel load for each tit* reaction 
depends on the tic spacing, the stiffness of the t ie and of the support 
ing substructure (ballast and roadwa\). and tin* stiffness of the rail, 
('(insider that the tie reactions, which approximate (In* values found 
in tests, are somewhat as given in Figure 1. For this assumed 
distribution of lit* reactions (In* bending moment under tin* load will 
then be 0 t>8 Pa , if we consider that tin* rail is not held down in such 
a way as to give negative reactions and negative resisting moments 
away from the wheel. It is seen from this illustration that a single 
load may give a high bending moment in tin* rail. 

If. now, we consider rail with an indefinitely large number of 
evenly spaced wheel loads, the tie spacing being, say, not more 
than one third of tin* wheel spacing, it can he shown that, for a 
given wheel spacing then* is relatively little difference in tin tie 
reactions until the wheel spacing becomes quite large. Assuming 
for present purposes that the tie reactions an* equal, and that the 
wheels are at points midway between ties (Fig. 2), the ppsitive 
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bending moment under loads lliree tie spares apart is found to be 
about 0'2ti«‘l Pa, and tlie negative bending moment (Hol Pa, and 
0*3 ir» Pa and 01. "id Pa, respectively, when the wheel spacing is four 
tie spaces. Expressing the bending moments in terms of the wheel 
spacing, I, the values become 0 OOS PI and- O O.’d PI for / - Mi, ami 
OOSti PI a ml'--O’ (K 10 PI for 1 is equal lo If/. It is readily seen from 
this that, for the conditions assumed, the bending moments -and 
therefore the stcesses in the rail- -will he dependent on the wheel 
spacing, and that this influence will continue until the w heel spacing 
becomes so great as to approach the conditions of single loads. 



Fig. 2. Series of loads with assumption of equal tie reactions. 

The foregoing refers onh to an indefinitely large number of 
wheel loads. For a small number the results will be greatly 
modi lied. In case two, three, or four wheels are spaced as a.bo\e, it. 
may be expected that the positive moment developed under the first, 
and last loads will be greater t han tin* foregoing \alues, and the 
moment under intermediate wheels somewhat les* than at the outer 
wheels. The moment of this ditlerenee will depend on the proper¬ 
ties of tin* traelc, ineluding the stillness of the rail. When there are 
other wheel loads, as truck wheels, not too larawav, their elf eel is 
to modify (he moments produced under the main wheels. On the 
whole, the problem is very complicated. 

Tt is apparent that, for enndilions here < onsidered, changes in 
the (loseness of lie spacing ha\e relatively small effects on the 
bending moment developed in (In* rail b\ a given wheel loading, 
thus, for a wheel spacing equal In three fie spaces and an in 
definitely large number of wheels thus spaced, (he positive moment 
is about (HISS PI ; and, if the ties were spaced so closely as to ap¬ 
proach conditions of uniform distribution of bearing pressures from 
wheel to wheel, the positive bending moment would Ik* approximate 
ly (M)S;t PI. Jf is also well to note that, by this method of analysis 
the bending moment under the wheel may he expected to be nearly 
as much for wlugds placed over ties as when they are midway be¬ 
tween ties. The foregoing discussion is hast'd on an assumption 
of uniform resistance of the substructure, namely, that the. stiffness 
of the elastic support is thesame at each tie. It is evident that, the 
stresses in the rail will he modified by the varying conditions of the 
tie, ballast, and roadway from point to point along the track. 




Another important element in the problem of determining 
stresses in track is the effect of speed of locomotive and train. 
On tliis matter analysis alone can give little real information, 
and it most be expected that reliance must*be placed on experi¬ 
mental data. 

The reaction of the tie or its upward pressure on the rail 
depends oil the stiffness of the yieldability of the ballast and road¬ 
way, and also on the stiffness of the rail, which, of course, is 
dependent, on its moment of inertia. For good track and for a 
wheel spacing of not more than three or four tie spaces, the tie 
reactions for the ties between wheels will not vary greatly from each 
other. In front of the front wheel and behind the rear wheel 
of a set of wheels, and also in front of and behind a single wheel, 
the division of Hie reactions among various ties will be dependent 
on the stiffuess of the track (rail, tie, ballast and roadway). The 
determination of this stiffness is one of the problems connected 
with the experimental work. 


The distribution of the upward pressure* of ballast against a tie 
along its length may be expected to vary with the tamping and 
with the ballast and roadway conditions, and also depends on the 
dimensions of the tie. For usual conditions of good track, it would 
seem that the upward pressure will continue from the rail to the 
cud of the* tie and for at least a similar distance inside the rail. 
The exact distribution will depend on the amount of bending of 
tlit* tie and on the permanent depression made in the ballast 
bv the previous applications of load, as well as on the yieldability 
of the ballast and roadway. It will help in getting a con¬ 
ception of the action of the tie and ballast to consider the 
tie to be set on a bed of stiff springs, under load, the 
tie bends and the springs compress in proportion to the 
load pul on them. The stiffness of the springs depend* on 
the nature of the tie bearing and the consolidation of the ballast 
and other bearing material, and their elastic properties. At the 
middle point of the tie the springs will generally have little bearing 
resistance. Figure .‘1 gives a general notion of the distribution 


of the load along a tie. However, it must be expected that changes 
in the conditions of ballast and roadway—like freezing and thaw¬ 
ing—differences in bearing conditions of adjacent ties, and the 
differences in resistance to repetition of pressure on the ballast 
along the length of the tie, greatly modify the ^stribution, and 
sncli changes may be expected to increase the bending stresses in 
the tie. It is usual to think of the distribution of pressure Across 
the width of the tie as being nearly uniform; that is, to consider 
the whole width of the tie as equally effective in transmitting pres¬ 
sure from the tie to the ballast. The ballast, however, is composed 
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of non-cohesive particles. As the, transmission of pressure ill 
directions other than the vertical is dependent on friction between 
particles, tin* vertical pressures at the edge of the tie must be less 
than the pressures transmitted from the middle of its width, and 
this difference results in a distribution of pressure far from uniform 
across the width of the lie. For ties which are spaced not too far 
apart , there is something of a reaction from the adjoining tie, which 
may be expected to improve the distribution across the face. On 
the whole, however, the upward pressure against tin* tie cannot he 
uniform across its width. 



* Fig. 3. A distribution of pressures along a tie. 

The ballast, as a part of the structure of the track, in addition 
to other important purposes, such as drainage, serves to transmit 
the tie pressures and reactions to the roadway, and acts to dis¬ 
tribute the pressure more nearly evenly over the surface of the 
roadway. The laws governing the distribution and transmission 
of pressure through the ballast must be expected to have an im¬ 
portant bearing on the proportioning of the track structure. The 
formulation of these laws and the determination of constants re¬ 
lating to stiffness or yieldability must wait experimental work. 

The roadway itself, acting as a support, also serves to transmit 
pressures and to distribute them to the surface of the earth below. 
The conditions of the roadway and the materials of which it is 
made may be expected to affect the action of the track. Little is 
known about, this.. 

Enough has been stated to show that the problem of the stresses 
in track is not a simple one, that it involves a large number of 
elements which have the nature of variables, that these variables 
enter into the problem in a complex manner, and that it is neces¬ 
sary to have a diversity of experimental data relating to the 
several variables before attempting to formulate the laws govern¬ 
ing the stresses in track. * 

4. Analysis of Track Action .—An analytical treatment <>f the 
action of track under load has a value in the comparison of ex¬ 
perimental data^ It will he of use in establishing, the physical 
properties of track and, should be an aid in forming proper con¬ 
ceptions of the manner in which track acts under load. It will 
be, found to be a convenience in discussing the effect of rail section, 
tie spacing, driver and wheel spacing, depth of ballast and its 
stiffness. and condition of roadway. Such analyses are based on 
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the theory of lle.xure, and involve complicated mathematical pro¬ 
cedure. It may not he exported that an analysis of track action 
will lit aeurately the many variables of track and, besides, the 
track varies in its properties from point to fmiut. What is want¬ 
ed is an analysis that may readily be used and that in ay easily 
be applied to combinations of wheel loads, to variations in wheel 
spacing and to particular physical conditions of track. Most 
analytical treatments give results in such complicated form that 
their application is time-consuming. The simplified forms of 
analysis may not have a wide rouge of ‘applicability. Various 
methods of analysis have been examined, including those given 
in foreign publications. Much time and considerable effort have 
been devoted to a study of possible analyses, and a. variety of 
met hods of at tuck have been taken tip. Asa result, it is eonclttd 
ed that the method of analysis which is based on the assumption 
of a continuous elastic supporl under the rail is by far the most 
convenient, most easily applied, and most comprehensive in its 
application to t lie quest ions involved in the work of the Foinmitlee. 
This analysis hauls itself very rcadilv to a discussion of the general 
problems of track. 


The assumption of a continuous support in place of tie sup¬ 
ports is not an element of serious inaccuracy for the close lie 
spacing and large rail sections used on American rail roads, es¬ 
pecially as the use of values of track stillness determined from 
data taken front tests on ordinary track carries into the constants 
established much of the condition of concentrated tie loads. The 
results of this analysis are similar in general character to those 
tried using concent rated tic loads. Tin* method has been found 
to he more general ami to have lower limitations than the methods 
based on concentrated tie loads. 


The term, modulus of elasticity of rail-support, is introduced 
;ts a measure of the vertical stillness of the rail-support, ll may 
be defined as the pressure per unit of length of each rail required 
to depress tin* track one unit. It represents the stiffness and 
yieldahility of lie. ballast, and roadway, hut does not involve the 
stiffness of the rail. As applied to ordinary track, the load on 
one rail‘required to depress one tie one unit, divided by tie spac¬ 
ing, will give 1 he modulus of elasticity of rail-support. As an 
illustration, consider that si series of wheel lo'ads which depress 
the track an average of Oil in. gives si load equivalent to 10,000 lb. 
per tie for each rail, and that the fie spacing is 22 in., the modulus 
of elasticity of rail-support is then l,o00 lb, per inch of length 
of rail per inch of depression. The value of the modulus of 
elasticity of rail-support is so related to tie-spacing and tie 
dimensions, depth of ballast, quality of tie, solidity of roadway, 
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character ot f tamping and surface, and other conditions of tlie 
track and its maintenance, that it will vaev considerably accord¬ 
ing to the quality of the track. 

The method of analysis will lie developed, lirsf for a single 
wheel load and then for a combination of wheel loads. 

5. Or previous. Upward Prcsunrca, anil bendintj Moment# in 
/fail for Track liavhuj a ('onfinnov# HKaslic Support; sinijlr Who l 
Load .—Assume that the rail is supported continuously on an 
clastic support and that the support has a constant modulus of 
stiffness, that is, that the depression of tin* track find the result¬ 
ing upward pressures on the"rail are directly proportional to each 
other, 



Fia I. Distribution of Depression, and Heading Moment 
for Single-wheel Load: 

Assume, further, Ihat the track construction is such that negative 
pressures may be developed. The following nomenclature will be 
used (see Figure I) : 

1’-wheel load on rail at point which will be used as the 
or igin of abscissas, 

E- modulus of elasticity of steel, 

I -moment of inertia of section of ilie rail, 

Y-depression of rail at any point, x, it being assumed that 
there is no play or back-lash in the track, downward 
displacement, of rail is negative, however, in the applica¬ 
tions to track, the ordinary downward depressions of 
track will be spoken of as positive, 

Vo = depression of rail at point of wheel load (x-=?X)), 
p = upward pressure against rail per unit of length of rail at 
any given point, 

p (> = upwaid pressure against rail per unit, of length bf rail 
at the given wheel load (x~0), 
u=au elastic constant which denotes the pressure per unit 
of length of each rail necessary to depress the track (rail, 
tie, ballast, and roadway) one unit, for the system of 
units ordinarily used, it will be expressed in pounds per 
inch of length of mil required to depress the track 1 in. 
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11 represents the stiffness of the trunk, and involves con- 
ditions of tie, ballast and roadway, it is termed the 
modulus of elasticity of rail-support, 

M- bending moment in rail at, any point 

M n — bending moment in rail at point of wheel load due 
to single wheel load (x-0), 

x. — distance from wheel load to point of zero bending 
moment in rail, 

x — distance from wheel load to point of zero upward 
pressure, it will be shown that x, is 3*, , 
e—base of natural system of logarithms 11TJS3. 

The fundamental condition on which the analysis is based is 
that the track depression at any point and the upward pressure 
on the rail per unit of length at the same point are directly pro¬ 
portional to each other. In other words, p uy. 

It will be recalled that, in tin* mechanics of beams, the 
derivatives of tin* elastic curve (first, second, third and fourth), in 
their order, represent or are proportional to (1) the slope of the 
elastic curve, (L’l tin* bending moment in the beam, (3) the shear, 
and (I) the intensity of (he load. In the case in hand, tin* fourth 
derivative* (the intensity of the load) has tin* unique relation of 
being directly proportional to the* original function, given by the* 
equation of the* elastic curve or curve of depression of track. 

From the fundamental condition, tin* differential equation of 
equilibrium is : — 


, d ‘ y 

lv I. — = n y 

dx 4 


• (1) 


This differential equation is satisfied by the following equation : 

1' 1 / u i _ I / u 


Sin. a 


l * i/TT ( 

- e—.C / I Cos. .1 

* 4/(54 K I. u» v' 1 K.I. V 

VIVA.) 


-V/4K.1. 


V4E.I./ 

The successive derivatives of this expression are : 

dy_2J* i/ n 4 ' || 

dx v'lli K1 u ° \/4K.l. 11 V4K.I. 

d* v 4 ' hfr 4/7, " / 

M = K I • = |» - ---- e-x /—!_ I Cos. x 

dx- / 04 u y/ 4 K.I. \ 

V-jEL-Siu .v 4 /- U --I . . . 

V4JZL. aMK. \J 

., T d 3 / _ P 4 / u / 4 / u \ 
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The equation for intensity of pressure against the rail is 

4/-,r 


u / —" -f- 

V4 15.1. 


4/ u 4/ u / 

p = — u y — r /-e—.C , I (!os. 

<✓(>4 15.1. V4K.LV 

). (6) 


Sin. ,v 


/ t 15. 


The nullliemalical derivalioti ol‘ these equations will not be 
given, lull, (lie solution is seen lo he correct, because at the sa.nu 
lime, I wo types of conditions are satisfied : 


1.—Tin* differential equation is satisfied by Equation (2; for 
all positive values of x. 


2. All necessary conditions at special points are satisfied as 
follows : 

15 I l-,"' for x.— 0 . . . . . (a) 

I-'--: foi x — U and x = .c . . . . . (/;) 

d x 

v0 for x---.e . ... (e) 


The following special value of the functions will he useful: 

The distance front the wheel load to the point of zero bending 
moment, in the rail (M -() in Equation (4) is 


The value of (he maximum bending moment in the rail (which 
j.- at the wheel load) (x () in Equation (1) ) is 

Mi, — I* 4 / K r - = <kus Px,.h s ) 

0 ✓ 64 u 

The value of the maximum track depression (which is at the 
wheel load) (x-O in Equation (2) ) is 

Vo = L.u :) ' ' ^ 


The value of the maximum intensity of upward pressure (which 
is at the wheel load) (x-0 in Equation (<>) ) is * 



4 /_^. 

✓ 64 K.I, 


— u y 


• (10) 



wo 
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Tin* distanre from flit* whorl load to tin* point of zero upward 
pressure on the rail (p-,() in Filiation (0) ) is 

:)tt 4 4'Xl. 

4 u 


x > s= 


= «')Xi 


• ( 11 ) 


Figure gives master diagrams for (li the moment developed 
in the rail, and (2 1 the intensity of pressure against the rail and 
the depression of the rail, as determined from the foregoing 
equations. The diagrams represent relative values. The 
bending moment under the wheel load is given as 
unity, and the values of the bending moment at other 
points (given as ordinates of the bending moment eurve) are 
expressed in terms of the bending moment at the wheel load. The 
intensity of upward pressure (represented by the ordinate to the 
pressure eurve) is also expressed, in terms of the intensity of 
pressure at the wheel load as unity. Similarly, the abscissas of 
the two diagrams (bending moments and pressures) air expressed 
in terms of the distance from the whorl load to the point of zero 
bending moment as unity; i. c., as abscissa ratios. For any given 
track conditions, the value of the maximum bending moment. M 0 , 
may b(> computed by Equation (S) and tin* distance X, to the point 
of zero betiding moment by Equation (7). To get the bending 
moment at any given point, find the ratio of x for the given point 
to Xi and take the ordinate from the diagram by using this ratio 
as the abscissa. The bending moment in the rail at the given point 
will then be found by multiplying the value of the maximum 
moment,(already computed), by the ordinate found from the 
diagram. Similarly, the value of the intensity of pressure nt a 
given point may bo determined bv multiplying the intensity of 
pressure under (In* wheel load by the ordinate for pressure at a 
given point obtained from tlie diagram. 

As an illustration, consider a 10(1 lb. rail section (1~-41> and 
‘bat, for tin* track conditions, u-lbOOlb. per inch of length of 
rail per inch of depression Xj is found to be 41 in. For a. point 

(hi in. from the wheel load, the abscissa ratio is then = 

Xj »;4 

104. From the master diagram (Figure o), the bending moment 
ratio at the abscissa ratio, 101, is—that is, the 
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bending moment oJ‘ 00 in. from tin* wheel loud is OL'O of tlmt ol 
the wheel load, and is negative. Dv Equation (S) the maximum 
moment M 0 is 10 N P. The heading moment at a point (JO in. 
from the wheel load is then tin* produet ot M„ and- 0 20, whieli 
is—0*21(> P. For the same point (x«B0 inch), tlie relative value 
of the intensity of pressure at the wheel load, p 0 is O’Ollo P. 
The pressure 06 iu. away is then the pFoduet of p 0 by 0 22, whieli 
is 0 0025 P. 
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It maf hr well to rail attention to the effect, of changes in the 
various properties of track on the resulting track depressions and 
hruding moments, in rail, as indicated by the several equations 
alnendy given for a single wheel load. From Equation (JI) it. is 
seen that y„ the track <leprcssiou under the wheel, varies directly 
as the magnitude of the wheel load, I*, and that it varies inversely 
as the fourth root of the moment of inertia of the rail section and 
inversely as the three fourths power of the modulus of elasticity 
of rail-support. Iiy tin's formula, doubling the moment, of inertia 
of the rail section will result in a track depression under the wheel 
S-t per rent, as great as that for rhe lighter rail. Increasing the 
stiffness of the track support in such way as to double the modulus 
of elasticity of rail support will result in a track depression .“>9 per 
cent, as great as that of less stiff track. From Equation (Hj it is 
seen tluitM the bending moment in (he rail under the wheel, 
varies directiv as the magnitude of tin* wheel load, p, and that, it 
varies directly us (he fourth root ol the moment of inertia of the 
rail section and inversely as the fourth root of (In* modulus of 
elasticity ol‘ rail support. Hy this formula, doubling the 
moment of inertia of tin; rail section will result in it bending 
moment in tin* rail under the wheel 119 times its great its that of 
the lighter rail. Increasing the stiffness of the track support in 
such Wity as to double the modulus of elasticity of rail-support 
will result in a bending moment in tin* rail under tin* wheel N-l per 
cent, iis great sis that for the less stiff track. It should be noted 
that tin* foregoing applies to results for it single wheel load on a 
mil, the effect of two or more wheel loads is discussed in (he 
following article. 

<>. Combination of ulirrj load*. To find flu* effect of it combina 
tion of wheel loads on tl.e track depressions and the pressures and 
the bending moment in the mil, as may occur with it given type of 
locomotive, the equations and diagrams for it single wheel load may 
be applied by the use of tin* principle of superposition, i. e., by con¬ 
sidering that, at ;t given point along the rail, tin* combined effect of 
two or more wheel loads is flu* algebraic sum of the effects of the 
individual wheel loads. The effect which each wheel produces at 
any given point may be determined from the master diagrams 
(Figure r»i. and the cumulative effect of the several loads may rhen 
be found bv adding the components produced by each wheel load. 
This method of superposition of components is applicable to bending 
moments as well as to track depressions and pressures. The method 
may best be described by an illustrative example. 

Take a Mikado locomotive, with the wheel loads and wtieel 
spacings given in Figure (I,"and let the problem be to calculate the 
bending moments in the rail at various points. In using Figure 5, 
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take ns tlu* abscissa 1 lie ratio, whore x is tin* distance from 

i 

the given point to the wheel load the Effect of which is to be 
determined and Xj is the distance from the wheel to the point of zero 
bending moment in the case of a single wheel load. The bonding 
moments will be obtained in terms of tin* maximum bending moment 
fora single wheel load l Equation (X) i. 


Fig. 0. 


Heading Moments and Trank Depletions for 
from Analysis, 100 lbs mil. 


Mikado Locomotive 


(t) * 



section in the rail \ distant from the wheel load, take from the 
moment diagram in Figure 5 (he ordinate (which gi\cs relative 
values of bending moments) corresponding to I be given abscissa 

ratio, — . The values mav best be kept as relative values and con- 
x, 

sidered as elfeets of tin* several wheel loads until the components 

have been summed. The bending moment at the given point may 

then 1 m* found by multiplying the maximum bending moment tor a 

single wheel load (as found from Equation (S> ) by the ratio found 

by the summation of components. Where the wheel Loads are 

unequal, use the ratio of the wheel loads in (lie calculations, thus, 

if the effect of the pilot truck wheel on a point at the first driver is 

, , ,. ,. 12,000 

to he found, use the ratio 


27,500 

Consider that the track conditions are such that the. modulus 
of elasticity of rail-support, u, is 1,500 lb. per inch of length of rail 
per inch of depression. Consider a LOO lb. rail section, witii 1-41. 
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The valn^of the bending moment umLei* a wheel load, where un¬ 
influenced by other wheel loads, becomes, for ihe const aids ot the 
track, from Equation (X>, M () ION I*. From Equation (7), x =34 
inch. For Ihe distance from the first driver tiff lie pi lot track wheel 

the abscissa ratio, x is 3IMi. For the distance from the 


x 


first driver to the 2nd driver the abscissa ratio, is -- =IdH. 

x, 54 

For the distance from the fourth driver to the trailer the abscissa 
. x • 120 

ratio, is - 3-.>3. Take ordinates iroiu the Figure 5 for the 


■*x, 


34 


several abscissa ratios. r l hi* effects ol the sevei'al wheels are then 
found, and f hose components are added algebraically. 

Rending Moment at First Driver :- 

+ J00 


Fifed of first driver 

Eller f of pilot truck \\ heel — .‘5 • 

Effect of second driver ^ X = D!)|^ 


y i ■'>oo 


Effect of third driver 




0 0(1 

0-20 

005 


000 


The bending moment at the lirst driver is then 0 00 of that due 
to the weight of the lirst driver if it acted alone. Tin* bending 
moment at this point becomes M 0 00 M () =7 45 R - 205,000 lb. inch. 
Rending moment at Second driver:-- 


Effect of second drivel 
Effect of first driver 


t 


Effect of third driver ^ — j-O}^ 

Effect of i'ouj*t}i driver | X = 3\qtf \ 

V X 1 / 

Effect of pilot truck wheel =:V0|-0'()y 

\x. / 2751 

rn ■ i ■ • . * ... 


... + 100 

... - 0'2o 

... - 0-20 
... - 005 


12500... — 000 
27500 + 055 

The bending moment at the second driver is then 0-55 of that due 
to the weight-of the second driver if it acted alone. The moment 
at this point becomes M 0 55 M () ~ 5 04 I* 103,000 lb.-inch. 

Rending Moment at Trailer: — 

Effect of trailer load ... ... ... + 1*00 

27500 


Effect of fourth driver 


C ) 


T53 1 -0 0S x 


Effect of lirst lender wheel — 4'0^— 0*04: 


20000 ' 

20000 


0*11 

004 


20000 + 0-85 
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The bending moment at t in* trailer is then 0 85 of Unit (file to the 
trailer load if it. acted alone, and the bending moment is 0 85 
M 0 = U-IK V 18-1,000 lb.-inch. 

The method may be applied in a similar way to the determina¬ 
tion of the bending moments at points away from wheel loads. The 
values of the negative bending moment may thus be found. Figure 
(i shows in a general way the distribution of bending moments for 
the conditions assumed in the preceding illustration and for the 
locomotive* shown. The light lines show the moment produced b\ 
the individual loads, the heavy line is the resultant moment dm* to 
the combination of wheel loads. 

o« 

If the weights on the several drivers differ, as in tin* case with 
the .Mikado locomotive of tin* Illinois (Vntral Railroad used in the 
tests, the difference in tlie wheel loads may easily be taken into 
account in the calculations. 

The track depressions caused by the assumed locomotive loading 
may b(* calculated by a similar process. 

At any point along the rail Jlu* components of track depressions 
caused by the individual wheel loads are found, and their algebraic 
sum gives the track depression resulting from the combination of 
loads. Tin* values may be taken from Figure 5 (which gives track 
depressions in terms of y 0 , the depression under single wheel load) 

for any given value of ~ where v is the distance ft-om tin* given 

Xi 

point on the rail to the wheel load tin* effect, of which on the irack 
depression is t,o he determined and \j is tin* distance from the 
wheel to tin* point of zero bending moment, in the case of a single 
wheel load. The values of the ratios thus found for the effect of the 
several loads mas then be added algebraically, the product of this 
resultant ratio and y 0 is the resultant track depression dm* to the 
combination of loads. Figure b illustrates the track depression for 
the Mikado locomotive used in the example illustrating tin* method 
of calculating bending moments. The light lines show the irack 
depression produced by the individual wheel loads, the heavy line is 
the resultant track of depression dm* to the combination of wheel 
loads. To illustrate the method of calculation, consider the case 
of track depression under the first driver, as follows :-~ 

Effect of first drivel* ... ... + 100 


Effect of pilot truck wheel 
Effect of second driver 
Effect of third driver 




x 0 01 12500 - 0 00 
27500 


+ 0 23 


- 0 04 

+ TT» 
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Tile track depression at tin* first driver is then FJ9 times that 

due to (lit* weight of Hit? first drivt'i* if it acted alone. Since v^, the 

depression under flu* first, driver acting alone (from Equation (9) i 

would be 000000771 1'- 0 21d in. for tin* conditions already assumed 

^ * 

for the track, the track depression at tliis point will he 1-10 v 0 -02771 
in. The heavy line in Figure (> gives the resulting track depression,*« 
at all points along the locomotive. Ida* vertical pressures may he 
found from the track depressions hy the use of tin* modulus ot 
elasticity of rail-support, u. 

Figures 7 and S give values of heading moinetft in rail and track 
depressions for an Atlantic locomotive Inning the wheel loads and 
wheel spacing shown, the former for the worn So lb. rail section 
used on the test track, and the latter for the IA’> lb, rail section, the 
value of u being lot Ml lb. per in. per in. 

Figure 1) gives values of bending moment in rail and track 
depression for a single car having the loads shown, and Figure 10 
gives values for the truck wheels of two adjacent cars, the rail ocing 
th.* worn Xb lb. section of the test (rack on tin* Illinois (Yntral Rail¬ 
road and the value of u being l. r *00 lb. per in. per in. 

It is set*n that, by tin* method here described, tin* effect, of a com¬ 
bination or two or more wheel loads on tin* track depression and flu* 
bent ling moment in rail may be determined for the condition of con¬ 
tinuous support here assumed. It is evident that a second wheel 

•’ig. 7.Rending Moments and Track Depressions for Atlantic Locomotive 

fi mu Analysis, Ho lbs. rail. 
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S. Bending Moments and Truck Depressions for Atlantic Locomotive 
from Analysis, l'Jo lbs, rail. 


5 4 ->i< — 6-8 


Atlantic 


fill 




Af<j * lit P 


Rail Depressions 


% O'fcO 


load placed >vilbin n limited distance from anolher wheel will cause 
a .sinalU*r bending moment In be produced in the rail at the wheel, 
and likewise a larger track depression than would he produced 
with a single wheel load. The distance between wheels for which 
there will be a reduction in bending moment at the lirst wheel will 
depend on the rail section used and on the modulus of elasticity of 
rail support. A third wheel within this limiting distance (usually 
on the other side of the lirst wheel) will also act to decrease still 
further the bending moment in the rail .it the first wheel- The effect 

Fit; t). Bonding Moments and Track Popiessimis for loaded car, from 

Analysis, H5 lbs. rail. 
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Fig. 10. Heading Moments and Track Depressions fm ttucks of t,w< 
adjacent cars, from Analysis, So lbs. rail. 


# Wheel Load, P 20,000 lb. 



of changes in Die values of fhe moineiil of inertia of I lie rail sen ion 
atid of the modulus of elasticity of rail-support on the magnitude 
of the heading moments and track depressions will'depend on tin* 
spacing of the wheels. For any given wheel loading and spacing, 
this effect may he readily determined. 


7. Jhxvu'tttiou of A[)/)Iic<ibilil 1 / of Anuli/six. From the foregoing 
illustrations it is seen that fhe and hod of applying t he analysis is 
not complicated. It is readily applied to determining 1 he elfcel of 
a combination of wheel loads having any arrangement and any 
spacing, and takes into account the effect of the rail section used 
and the stillness of the track. Although the cross ties constitute 
a discontinuous support, their width forms a considerable part of 
the rail length, and, as the distance from a single wheel load to the 
point where the track depression is zero coveys from four to six tie 
spacings, in such track as that on which the tests were made, the 
assumption of continuous support may not he expected to he 
generally much in error for the usual conditions of good track, 
especially as the method used for determining the value of the 
modulus of elasticity of rail-support will carry into this value some 
of the conditions attending the discontinuous support. Naturally, 
the magnitude of the modulus of elasticity of mil-support, will 
depend on the size and spacing of the ties, tin* quality and depth of 
the ballast, the stiffness of the roadway, and the general condition 
of the track, and this property of track is one which must be 
determined by tests at different locations and under a considerable 
range of conditions. 
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It, may appear at first thought that the assumption involved in 
the analysis that the rail-support is capable of developing negative 
pressures—may interfere with the accuracy of the results. £iuce 
there is play between the rail and the spikes, and since the ties 
cannot be expected to pull down on I Ik* rail, at least until there is 
some upward movement of tin* rail, there will be a region ahead of 
or behind a single wheel where little negative pressure may be 
developed in the track. However, in a eomhination of wheel loads, 
with the spacing usually found in locomotives, the effect of adjacent 
wheel loads in the analysis is such that then* will be no negative 
pressure except ahead of the pilot truck wheel, and here tin*, weight 
of the vail itself will assist in developing the negative pressure. In 
the ease of ears, the analysis may give negative pressures at a point 
between tin* front and rear trucks of a car, but not between that of 
one ear and the next. It maybe expected that I lie. absence of 
resistance to tin* upward movement of the rail, as shown by a rail 
lifting from tin* tie, will tend to increase tin* bending moment in the 
rail at the lirsl wheel over that given if tin* negative* pressure were 
developed. * 


Perhaps a more serious element affecting the* accuracy of this 
analysis, and of any analysis which could midily lie applied to com¬ 
binations of wheel loads, lies in I Ik* fact that at small loads the 
magnitude of the track depression niav he greater accordingly than 
at large loads, in other words, that the modulus of elasticity of rail- 
support is not a constant -a condition which may exist when the 
traek is in a poorly tamped condition. However, for the heavier 
wheel loads, like tin* drivers and trailer, this influence may nor be 
very important. For a condition where the modulus of elasticity 
oij rail-support is not a constant, the principle of superprofit ion, 
which is utilised in most methods of analysis involving flexure of 
structure, is not applicable, and lienee any treatment based on the 
actual relation between pressure and depression will he altogether 
too complicated for any practical use. 

It may not be expected that any method of analysis will give 
results that will fit accurately witJi experimental values. The 
variables of traek are numerous and uncertain. Notwithstanding 
this, a usable analytical treatment is of great value in the com¬ 
parison of experimental data and in acquiring a conception of Hie 
fundamentals of track action. It is believed that the analysis here 
given is acceptable from most points of view. Possibly in the future 
it may be found practicable to make empirical modifications of it 
which will tit more closely the data of tests. 

# * * * 
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IV. - RESULTS OF TESTS. 


Form of Frcxcntution . — In reporting tin* results of the 
tests, (he effort lias been made to present onl^ those matters which 
seem to have a hearing on the fundamentals of track action and the 
problems of track, and to give the essential results, free as far as 
possible from the mass of details of the test data. When it is stated 
that the tests have involved (he making, reading, recording, and 
reducing of more than 200,000 observations on rail strains alone, 
the need for presenting only the essentials will be apparent. 
(Jcnerallv speaking, only average's of a considerable number of 
values are presented. Some* use of individual results will be made 
in the discussion on the* variation of individual value's fremi the 
average value*. It has be*eu thought be*st to pre*se*nt the* results 
largely in graphie-al feu-m. This medhod alletws general emmpnrisem 
to be* made reaelilv. Tabular values are* also given for some* of the* 
principal results. 

The* results pre*se*nte*el in this re*jiort relate* principally to stressi-s 
in rail and to the* elepressiem eif trae^ as a whole*. The ae-t ion e>f the 
tie, the* transmission e>f pre*ssure* through ballast and roadway, and 
either redated matte*rs must be reserved for a Jate*r re*port. 

Data relating te> de*pre*ssie>n ed‘ irack mnb*r one'-axle* leiael, two- 
axle* load, and loe*omoti\e* leiading uude*r statie* conelitiems will lirst 
be* pre*se*nte*e1, the*n data on stresses in rail for these* loadings and for 
meiving load tests with locomotive-s, and, following the*se* a general 
discussant ot the* ellect e»f spe*e*(l, iulluence* e*f rail se*e*tiem, effect of 
wheel spae-ing, conditieni of traek, e*te*. 

d(i. Dcjn'CMsion of Truck under loud. — Flexibility, elastie-ity, stud 
sliti'imss are* important prope*r(ie*s of railroad lrae*k. The quality e>f 
the* lrae*k is alle*e*te*el by variatiems in these* prei[ie*i*tie*s. It is a 1 )) 
pai‘(*nt e*ven to a easual eibse*rver that the* (rack depresses under 
whe*e*l loads. The* weight fremi (la* w he*e*l load is elislrilmtcel by the 
rail ameuig ueljaeemt tie*s, ami ve*rtie*al pressure's are se*t up in tie*s, 
ballast ami roaelway. The pre*ssure*s transmitte*d by rail, tie, 
ballast, and roadway e-ompivss or otlmrwise* deform the^se various 
[>arts e»f the* trae k structure*, the* vertie*al deformation and move- 
mem t eif the eliffemit parts together forming the* total traek depres¬ 
sion. (lemerally speaking, the* aetiem has the* nature of elastic 
ele*fe>rinatiem, and, when thej whe*e*l load is removed, the* track 
re‘slimes its normal position, wlieilly e>r partly, acroreling to the 
conditieni e>f the track and the nature and weight ejf the load. The 
stiffness and flexibility e>f track are dependent on the section of the 
rail and its flexural prope*rtios, the dimensions anel spacing of the 
ties, anel the nature, quality , and condition of the ballast and road¬ 
way. 
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At this place no effort, will he made to analyse the parts played 
by the rails, ties, ballast, and roadway in making up the track 
depression. The total depression will he reported—the combined 
effect of rail, tie, ballast and roadway. At another time a dis¬ 
cussion will he made of the relation between the deformations of the 
several parts of the track structure. The following general state¬ 
ment. is given as an estimate of the division of the depressions in 
the various parts, in what may he called good track, under the 
drivers of a Mikado locomotive*: compression of the tie under the 
rail and effect of bending of lie* l.e> bring it to full bearing on the 
ballast along its length, 005 in,, compression ot 2 1 in. of stone 
ballast immediately under the rail, 0 lb in., eompre>ssiem of road¬ 
way immediately under rail, 0 15 in. The bending of the rail 
between the ties is slight, the deflection of lln* rail between two 
adjacent ties under I lie* weight e»f the drive-r of a. Mikado locomotive 
on <S5-lb. rail amounting to not more than 0 01 in. in a tie* spnedng 
of 22 in. Feir heavier rails, the* deflection, eif course will be le*ss. 

Wludher the magnitude of the* track ele*]ire*ssion is directly 
proportional te> the leiael applies], eir varie*s considerably from dires t 
preipeirtiemality, is dependent em the nature* of the touch and its 
condition. For the* best track in well-tampe*d e*e>nelitieiu (freshly 
surfaced), the* te*sts inelicate that tin* n'lation between the- lone! and 
the* resulting ele*pressie>ii approae-he*s direct proportionality, that is 
the expression of the track is directly proportional to the* load 
applied. For iuedioe're <rae*k anel track which is not well kept up, 
it is e\ielent from the* results of the t<*sls that the* tirst part of the* 
load applied produces a greater depression than a later <*e|ual 
additional increment of load. The* clfect of this on stress in the* 
track is important. 

The; foregoing re*fe*rs lei tin* redatiem betwe*e*n ve*rtical pre*ssure‘s 
and the resulting vertical elcformations eir ile*[>re*ssions at any 
peilut along the line of the* rail, Doth at and away freim the whe*e*l 
leiael. Away from the leiael, the pressure* of the* rail em the tie will 
vary from tie to tie, and therefore* the consequent eh*pre*ssion will 
vary, but, at any poinl, the* downward pressure of the rail anel the 
upward pressure of the tie; must, of eemrse, he ecpial to each 
other. In the tests, the magnitude of the t rack depression along 
the rail has been measured and the distribution of vertical pressure 
among the ties may lie estimated from the data obtained. Records 
of results will be given of track depression for one-axle load, two- 
axle load, and locomotive loading. 
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4,4. Stresses in Kail : Slatie Ixiad Tests with Mikado Loco¬ 
motive ,—In Figs, 00 and 07 are given stress-distribution profiles 
for static load tests with Hue Mikado locomotive on rail of 85 lb. 
and 100 lb. section on the lest sections of track on the Illinois 
Central Railroad. For the 85-lb. section, tests were made on 
three depths of ballast and two sizes of ties: for the 1001b. section 
tests were made on one depth of ballast. In all these tests the 
track was in a freshly tamped condition. 

The stress-distribution diagrams give a very good indication 
of the variation in .stresses along the rail with respect, to the posi¬ 
tion of the wheel loads. The maximum stresses in the rail are 
directly under the wheels, positive moment being developed at 
these points. Negative moments occur at points between the 
wheels. The stress under the inner two drivers is generally less 
than that under the outer drivers and that under t Ik* front driver 
is generally somewhat greater than that under tin* rear driver. In 
the upper diagram of Fig. 07, the stress under the front <1 river is 
quite low. The values plotted on this diagram are flu* average of 
two sets at the same spot, the locomotive used in the second not 
being the one used in the lirst lest. The results of the two sets 
are concordant. Another peculiarity of this diagram is that tin 1 
stresses under the inner drivers are higher than would be expected. 
It will be seen that the highest negative moment in all these tests is 
between the front truck wheel and the front driver. The stress 
here, ranges from 40 to 00 per cent, of that developed under the 
front drive]-. The stress under the trailer is manly sin much as 
that, under the outer drivers, although the load on the trailer is 
only about three-quarters as much as that on a driver. Compar¬ 
ing these stress-distribution diagrams with Fig. 0, windows* 
obtained from the analysis/ of track action, it is seen that the 
general form of the curves and the wav in which the stresses \ary 
with respect to the position of the wheel loads are quite similar. 
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Fig. G(i. Stress Distribution Diagrams. 

Static load tests on Illinois Central Railroad with Mikado Locomotive. 
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47. Modulus of Elasticity of Rail tray support .—The term 
“modulus of elasticity of rail-support” lias already been debited 
as llie pressure per unit of length of each rail required to depress 
the track one unit. It measures the vertical stiffness of the 
support of the rail. The magnitude of the modulus of elasticity of 
rail-support is dependent on a number of elements, such as the 
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compressibility of tin* tie and its flexure stiffness, the breadth and 
length of the tie, the tie sparing, the character of the 
bearing of the tie on the ballast, the thickness, solidification, 
and stiffness of the ballast, the native of the roadway, 
and the way in which the pressures are distributed over it. As 
the stresses developed in the rail and the division of load among 
tie reactions are affected directly by the magnitude of the modulus 
of elasticity of rail-support, this modulus may serve as one criterion 
of the quality of track. It will be of interest, therefore, to learn 
what range of values of the modulus of elasticity of rail-support 
may lie expected for various kinds and conditions of track. 

The deiinition of the term implies that the modulus of elasticity 
of rail-support, is a constant for any given condition of track, that 
the track has the usual property of an elastic body. In the dis¬ 
cussion of the data on track depression, it was shown that the 
depression of track may not be proportional (o the load applied, 
under such conditions, the modulus of elaslicily of rail-support 
would not he a constant. Tin* tests indicate conditions of track 
which may lx* elassilicd in three groups : The plotted depressions 
may give a straight line passing through the origin, as at «, Figure 
If Mi, denoting a constant modulus of elasticity—a condition which 
may be expected in well-tumped track, and where (be tie lias a full 
bearing immediately below the rail and for some distance each 
way along its length, even when only a small load is applied. The 
plotted depression may form a straight line which passes to the 
right of the origin, as at b, denoting that* some condition exists 
such as the presence ot some play between tie ami ballast inline 
diately Inflow the rail necessitating the bending of the lie before a 
full and tail- hearing is obtained along its length, in this case the de 
pression may be found by the use of a constant modulus of elasticity 
of rail support plus a constant. At c. the condition is similar, 
except that the points do not give a straight line relation, in this 
case the relation of depression to load may be approximated by a 
constant modulus of elasticity of rail-support drawn to pass the 
points somewhat as shown in the figure. For track in poor condi¬ 
tion, the relation of depression to load may be expected to vary 
from the straight line relation even more than shown in the figure. 
As conditions of track vary greatly, the relation between track 
depression and load may be expected to cover a considerable range 
of values and conditions. It is evident that ihe constant modulus 
of elasticity of rail-support applies very well to the conditions of 
best track, and that, for poor and indifferent track, the actual 
relation between depression and load departs considerably from a 
straight line relation. r 
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Values of the modulus of elasticity of rail support have been 
calculated from the data of the track depressions h.v adding the 
depressions at the several ties for the length of the depressed track 
or for the length for which the loads used are considered to affect 
the track depressions. The total load on the wheels Avithin the 



Sait Depression. In lnehe$. 

length used was then divided by the number of ties in this length, 
and by Hie tit* spacing, in inches. The values of the modulus of 
elasticity of rail support are thus given in pounds per inch of 
Jong!h of rail per inch of depression. The symbol, a, is used 
to represent it. A yontiminus load of n pounds per inch 

TARTjE I.- Yjilues of Modulus ot Elasticity of ILiil-Suppurt. 
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of rnil on each mil would depress flu- Imck 1 inch. 
For (ho loroinolive Loading, in computing" tin 1 modulus of 
elasticity of mil support Mu* lotsil truck depression wns 
list'd, the static tests with Joeoinolivt 1 wen* all made on track in 
well tamped condition. For flu* one-axle and two-axle load tests, 
the lines of the load-depression diagrams were studied and here 
some allowance was made for the play at light load for track con¬ 
ditions which gave indications of such play, net track depressions 
being used for the calculations. In some cases a general compro¬ 
mise straight, line was used. The values reported are given 
tentatively, and may need empirical mod ideations later in order 
to tit into other experimental data. 


Table 1 gives the values of the modulus of elasticity of rail- 
support iis calculated from the track depression. The conditions 
of track are not stated very definitely but, even in track marked 
“before tamping” the track was in good surface, and only in a 
few instances was it in need of tainping. The values derived" from 






























HARVEY ON STRENGTH AND WEAK OF RAILS. 


45 


the tests for the different methods of loading on the same track 
agree very well. -There seems to be some tendency toward a higher 
value of the modulus in the track having the heaviest rail, it is 
apparent that the character and condition of the track greatly 
influence the magnitude of the modulus of elasticity of rail- 
support. The, value for the modulus on tin' track of the Illinois 
Central Railroad will) 2-1-inch ballast may be taken as about 
1,(100 lb. per inch. This tost stretch is on rhe north-hound track. 
For tlu* track on (Much and 12-inch ballast, the values are 
approximately 1,000, except for the track on 7 by 0 inch, tics, 
where the values are higher, say, about 1,200. These last named 
stretches of test, track arc on the south bound track. Although the 
embankment for the two tracks was built at different times, it is 
not known that the two parts of the embankment have any special 
differences in condition. In all these test stretches, there is a 
tie spacing of 22 inches where the tests were niade. For the track 
used for freight service, which was ballasted with (i inches of 
cinders in not very compact conditions, the value of the modulus 
of elasticity of rail-support is about 7.70. For the track of 
Champaign and Havana LSranch of the Illinois Central Railroad, 
wit It about fi inches of line cinder ballast above a light embankment 
of loam, tie spacing varying from 22 to 20 indies (70 lb. rail), the 
modulus of elasticity* of rail-support found was about 7.20. At 
the time, the track was not in good condition at the point, where 
ihe test was made. Some of the lies were partly decayed. 

For the track of the Delaware, Lackawanna and Western Rail¬ 
road, information on the depression <>f track and the condition of 
the track is not complete, and only an estimated value of the 
modulus of elasticity of rail-support, can bc'given. This track was 
evidently stiller than that of the Illinois Central Railroad. The 
value, 2.200 lb. per inch, is probably representative of this track. 
The track had Is inches of 1 rap rock ballast below the tie, and the 
material of the roadway below was such that it was very solid. The 
spacing of the 7 by 0 inches by 8 feet 0 inches ties averaged about 22 
inches. 


4b. Effect of speed .—The position of tin* plotted points in 
Figures 00 to 01 indicates that a rectilinear relation between stress 
in rail and speed of locomotive fits the data, more generally and 
more satisfactorily than any other form. The variations of the 
plotted points from the straight lines of the diagrams are generally 
not greater than may be expected when variations in conditions of 
track and locomotive, errors of instruments find observations and 
other accidental causes of variation are taken into account. 



or 


4(f 


THE INST IT IT ION OF F NO INKERS (INDIA). 


(Jeuerally, for any tests, On* lines of a diagram are parallel, 
nearly so. * 

Table S gives \alues *»f the increase in stress dye to speed, as 
obtained from the rectilinear relation of the diagrams. In the 
columns marked A the increase is expressed as pound per square 
inch increase in stress for each mile per hour increase in speed 
greater than o miles per hour. In the columns marked 1», the effect 
of speed is given as a peicentage of the stress in the rail at 5 miles 
per hour for each milt* per hour increase of speed greater than 5 
miles per hour. It will be semi that the \ allies for the increase 
for positive moment range from about (K> to 12 per cent, increase 
for each mile per hour inn-ease in speed. Values higher than 
ti ll per cent, are found in a number of eases. 


The increase found in tlm tests on the Delaware, Lackawanna, 
and Western Railroad, given in table b, are of the same character, 
but tin* values are somewhat smaller than those found in the tests 
on the Illinois ('mitral Railroad. 


It will Ik* noted that the effect of speed for the different rail 
sections giini in the tables shows considerable variation. Tin* 
cause of these \ aria I ions is not known. It may in* due partly to 
the track, partly to tin* locomotives, and parth to accidental condi¬ 
tions of the runs at the tests. Although l lu* runs were all unde 
with tin* counterweight in its lowest position as it passed the middle 
instrument, some of the tests were m ule with the three instru¬ 
ments on the rail at the right side of the locomotive and some with 
I la* three insl ruments at t he left side, lienee, in one case I be counter¬ 
weights on I he ot her side of the locomotive opposite the three in¬ 
struments were ahead, and in the* other ease belluid, the position 
of tin* middle inslrummil. A study of tin* tests snows no variations 
traceable to these deferences of conditions. 


The hea\ier rail section appears to give a somewhat higher pro¬ 
portional increase of stress with iiicrehse of speed than the 
lighter. The indications in the tests on track of the Illinois 
Central Railroad are that ilie Mikado locomotive* gives a rate of 
increase somewhat greater than the Atlantic and the Pacific. The 
tender trucks give a still higher rate of increase, though, of 
course, the amount of flu* stress is less than that under fin* 
drivers. 


The proportional increase in the stress for negative moment is 
large and rather irregular, as would Ik* expected from the smfiller 
value of (his stress and greater variations of conditions to which 
it is subjected. The sum rtf the stresses for positive and negative 
moment shows greater uniformity in tin* tests than does either set 
of stresses. r 
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• TARLE 8. ~Increase in Stioss in Rail Due to Speed 
Tests on Illinois Central Railroad. 
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Exceptions from uniformity of actum are found in 11m tests. 
In Fig Xl\ tlm stresses under the rear drivel are less ill hit'll speeds 
I hit n at low speeds, and the da in a I I lie several speeds are eon 
sislent. In other inslanees, one driver or one I rut 1; wlietd shows 
a inueJ) higher increase with speed ilian do I he oilier wheel. 

II should he remembered that the diagrams and tests give the 
average of a large number of runs, and. of course. the increases 
found for individual runs are considerably greater than the 
average values. 

No discussion of the cause of the increased stress at the higher 
speeds will he made at (lie present time. 

* * * * 

r>3. Relation of the fUreax on the Tiro side* of the Rail .—It 
may appear natural to think that, since tin* wheel load is a vertical 
load, the flexural action in the rail will be, such that the liber 
stress will be uniform all the way across the base of the rail. 
Even if the pressure of the wheel is not applied centrally over the 
head of the rail? the effects of this eccentricity of loading will he 
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to produce vertical flexural stresses in the rail and prdtoably a 
torsional effect, little lateral horizontal bending of the rail may 
be expected to result from this source. In planning the tests, 
lateral bending of the rail was not expected to be an important 
element. In the earlier test work, therefore,# the strain measure 
meats with both the strain gauge and Ihe siremmatograph were 
made at one edge of the base of the rail only, the outef'edfte being- 
used because of its greaier convenience. The stremmatograph tests 
showed marked irregularities and seemingly erratic, results, which 
were unexplainable on tin* ordinary assumption, and steps were 
taken to lind the source of the variations. Tests were made with 
the position of the stremmatograph re\ersed on the rail, in order 
to measure the deformation at the inner edge, and the results 
were compared with those found with the measurements at the 
outer edge of the rail, all other conditions as to track, position 
of locomotive, and speed remaining the same. The average of the 
stremmatograph measurements at the two edges of the base of 
rail was found to be fairly uniform and consistent for runs which 
were comparable, but the stress at one end was usually different 
from that at the other, sometimes more than twice as great, 
(ienerally speaking, the higher value was found at the outer edge 
of the rail. The instruments already made wore then rebuilt in 
sueh way that, each stremmatograph measured the deformation 
both at the inner and outer edges of the base of rail, and this im¬ 
provement was followed in instruments made thereafter. It may 
be added that, in static tests with a locomotive, the results of 
measurements made with a strain gauge showed differences in 
stresses at. the two edges which were quite similar to the results 
found in the moving'-load tests, and that static tests made with 
the loading device showed little difference in stress on the two 
sides of the rail. 

• 

As another cheek on the phenomenon, measurements were 
made at the base of tin* rail, to see whether the rail showed lateral 
movement as the wheel moved by. It was observed that there was 
an outward movement at the base of the rail immediately under 
the wheel and an inward movement, at a point between wheels, tin 1 
rail thus forming along the length of the locomotive a horizontal 
curve something like a. sinusoid. A similar outward arid inward 
movement occurred in the other rail, and, iu the observations 
referred to, the movements of both rails were outward under a 
given axle mul inward at points between axles, in other words, 
the gauge of the base of rail was increased at the wheel points 
and decreased at points between wheels. This movement was 
small, hut it was measurable, ranging from 0 01 inch to 0‘03 inch, 
with the 80 lb. rail in the preliminary test referred to. It will be 
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wen, lUker, that the movement of the rail is not always j>f the 
eharaeter just described, there being several forms of movement. 


Willi an outward bending of (lie rail at a point under a wheel 
load, I In* tensile stress at flu* outer edge of the base of rail is 
inereused oVer that due to vertical bending, and with an inward 
bending at a point between wheels, the* compressive stress at the 
outer edge* of the* base* of rail is also iiieroaseel, the strew at the 
inner e*elge> of rail being eleseribeel in Doth eases. In the* head of the 
rail the* e*ITeet on the* stre*sse*s is rewerwel, but, as the head is 
narrower than the* base*, the* diflerenee* in stre*sse*s at the* twee sides 
of (he* he*ad e»f (lie* rail is smaller Ilian that femnel at the haw. 


TABLE 10.—Values of the ltatio of the Stress at One, Edge of the Base 
<>f Rail to the* Mean of the Stresses at the Twee Edges Prepared 
Test Sections of Track. 
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Table 10 gives values of (lie ratio of the stress at one edge of the 
base of rail to the mean of the stresses at the I wo edges. Where 
the minus sign is given, the stress at the inner edge is the greater, 
otherwise, that as the outer edge is the greater. The table is a 
sample of the data obtained (the complete data being very volumin¬ 
ous), and is probably representative of the observations. The values 
given are those found by individual instruments, averages of several 
instruments would mask the effect of variations in track and of 
variations in movement of locomotive. In looking over the table, it 
shojild be borne in mind that the runs were made in such a way 
that the counterweight of the front driver, on the side of the track 
on which there were three instruments, was at . its lowest point as 
it passed the middle instrument, and that the succeeding wheels 
made their records at a later flme and therefore, the measurement 
of stresses for the several wheels was not made simultaneously*. 
Naturally, the values cover quite a range. There are many ratios : 
as high as 130, and a number as great as 1'50 (which means that 
the stress at one edge of the base is T86 and three times as great; 
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respectively, as the stress at the other edge). The few ratios higher 
than 1*75 doubtless may not be fully reliable. 

The ratios at points midway between wheels (not given in the 
table) run to even higher values, and are more discordant, as might 
be expected from the fact that the magnitude of the stress is less 
than that at. points under the wheels. The difference between the 
numerical values of the stresses at the two edges, as njay be 
expected, is in general less at the point between wheels than at 
points under the wheels. 


55. 


Method of estimating Maximum Flexural Strew in Fail 
for Given Conditions of Traci: and Loading .—What maximum 
flexural stress may be developed in a rail under given conditions of 
track and loading is a matter of considerable interest. In making 
an estimate of the maximum stress, it will be well to start with 
the average stress whirl) may be expected at low speeds for the 
best conditions of track, and introduce a series of factors covering 
the several sources of increase of variation from average, stress at 
low speeds. Such an equation for flexural stress in the rail is 

f — f n 0 + a) (1 + ft) (1 + <:) (t + d) 


f average stress ' 
at five miles ( 
I per hour 


1 f 

spread factor j- -j 


lateral 

bending 

factor 


< condition °f\ f variability 
( factor f l factor 


These factors have already been discussed to some extent. The 
average stress at live miles per hour would depend on the locomo¬ 
tive loading and the nature of the, track (rail, tics, ballast, etc.). 
For the ‘"condition of track factor’’ the presence of low spots, 
defective ties, and other imperfect conditions must be considered 
and, even on fairly well kept track, this factor will need considera¬ 
tion. The Committee plans to discuss in another report the 
magnitude of maximum stress for various conditions of track and 
loading. It is evident that the, maximum stress which may be 
developed in the rail under usual conditions of track and traffic 
may be much higher than the average stresses found for best track 
at low speeds, and that speed factor, lateral bending factor, condi¬ 
tion of track factor and variability factor should be recognised in 
making an estimate of maximum stress to which the rail will be 
subjected. 



COLLOIDAL PHENOMENA AND THEIR 
SIGNIFICANCE TO THE STRUCTURAL 

ENGINEER. 

BY 


/. OESTERBLOM , M.E. — Mem. Am. Soc. C.E Etc. 


There is always a conflict between the ohl and the new and it 
is well that it should bo so, because conflict means struggle and it 
is only through struggle that the golden Truth is born and started 
on its life of service. There is no reason why I he struggle for the 
acceptance of the theory of colloidal behaviour should have been an 
exception to this universal truism. 

A struggle there has been—a struggle there will continue to be: 
inside the ranks of colloidal investigators childly a struggle as re¬ 
gards matters of detail, outside unfortunately as regards facts, 
which have been well established, but which are none ihe less denied 
through insufficiency of definite information. 


It is not so long ago when Chemistry was developed from 
Medheval chaos and superstition to become a modern branch of 
Science. That some of the founders of this Science were unable to 
see clearly centuries into the future is not a charge against their 
genius. Their task to bring order out of a mass of apparently un¬ 
related material was indeed great and they did it well. 


l*uI even these men, specially Berzelius and later* on a few 
others, including the great Faraday, were pursued by memories of 
strange phenomena that their own theories were not sutticient to 
explain. Ilad they been living to-day there is no doubt that they 
themselves would have been the first to admit the insufficiency of 
their early ideas and to accept the new theories. Hut such is the 
spirit, of conservation and of loyalty to the past —and a very useful 
spirit it is in preventing a progress which is too fast and may carry 
us beyond sound limits—that some adherents of classical Chemistry 
—not necessarily Chemists, lmt^ working in related branches of 
Science are not yet ready to surrender. 


At least, so it must seem to a layman, who has been watching 
the alternate and antagonistic claims and statements of the 
Michaelis and le Clmtelier Schools in regard to a well known and 



O E ST EBB LOM ON COLLOIDAL PHENOMENA. 


53 


fundamental problem ol‘ practical Chemistry, viz. the hydration 
and hardening of fused and powdered si lira in a slightly calcareous 
water. 


Even before 1 lie time of Uralium it was known that solutions 
behaved differently. Some diffused llirougli a parchment, others 
separated and left a sediment that would not pass. Yet, the two 
might appear the same ; both equally elear before til t rat ion or 
dialysis. Ora bam noticed that all of the lirsl class under suitable 
conditions deposited as crystals whereas (he second settled as glues; 
he therefore established a classification, later on proven to be 
artificial of “Crystalloids" and “Colloids." 


It became Oraliain’s big task in life to make a special study of 
colloids. Later years have seen other big investigators, such as 
Erencdlich, Zsigmondy. Ostwald, Donnan, Svedberg, and Loeb. 

Ora ha m establislu*d (he term “Sol" for “Colloidal Solutions,” 
and this term has now been universally accepted. He also 
established the term “Ocl" for the glnc like coagulations and 
soliditications of the sols. 

The sols from the modern point of view are Suspensions or 
emulsions of a “disperse phase" in a “dispersion medium.” These 
two phrases and many others we owe lo Ostwald. The “dispersion 
medium" is a continuous, homogeneous aggregation or molecules, 
usually, but not necessarily, a Haul, most frequently common water. 
The* “disperse phase*" is a non continuous e'edlcefieui of particles, 
■which, to prexluce colloidal behaviour, must la* submicmscopic. in 
size with a e*e>m*spon(Ungly ine-irascd surface area and surface 
energy. On the* tremendous ine*re*ase of surface* e*nergy for sub- 
microscopical subdivision many of tlie* apparent. deviations from 
orelinary chemical beliaviour se*e*m to depend. If I he dispense phase 
is solid the sell is e-alle*d a “suspcnsoid," if it is fluid, an “emulsoid.” 


The eemelitions anel methods necessary for the creation of gels 
through processes «>f e*onele*nsation and elispe*rsieui must be omitted 
entirely from this paper, but the* universality of colloidal existence 
as well as its significance for human life* sbenibl be emphasized. 
The* human body is a. typical representation of many different kinds 
of gels. The* soils we* cultivate are the , disintegrated remains of „ 
gels, which have become granulated from the roe*ks by a process of 
weathering. Big parts of the mountains on which we dwell, or to 
which we east our eyes with longing* and desire*, are gels, either 
natural or metam orphic or at least through sedimentation. The 
■cells of the timbers we use* for our dwellings anel the fibres and 
3yes in our clothes are colloids. The food we eat are colloids in a 
variety of shapes. Iron and Rteel are chiefly colloids, as are, with a 
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few exceptions, the stones and bricks of our masonry walls. Our 
protective paints are suspensoids or emulsoids. The clouds and 
fogs in our skieN, the silting and scouring in our rivers are colloidal 
processes. It is only recently that these colloids «and related 
colloidal processes have been made a subject of serious and 
systematic study. 

It is not that our investigators have not semi flic need of serious 
study, but rather that technique and instruments have not been 
sufficiently developed. It was only in l!KM that Siedentopf and 
Zsigmondy invented the ultra microscope, with the parabolic and 
ultra condensers soon to follow. All previous work had been done 
in very primitive ways. With an ordinary niiscroscope one can 
measure down to 200 millionths of a m.m. : while some colloidal 
particles are larger than this, most of them arc very much smaller. 

Most of the gels in'* nature are formed by the aid of water as a 
dispersion medium. These arc called “Hydrogels.” In the solidi¬ 
fication process both the dispersion medium and the disperse phase, 
or in other words both the wafer and the colloidal dust solidify 
(more or less) into an apparently homogeneous substance. Tf the 
conditions are ffn favourable there may be floculation or coagulation 
only : if they are favourable there will be solidification even as far 
as to definite fixation of form. 

From an engineering point of view it is significant that a very 
large quantity of water may be absorbed by the colloidal dust in the 
formation of a gel and that a big portion of this water may be re¬ 
jected shortly after the gel has sot. The velocity of coagulation 
seems to carry all into solidification, but only a part of the water 
may be required for colloidal balance, rfml the excess is then 
automatically rejected. A gel will then -and specially if the water 
has been in excess -shrink and crack and fall to pieces, until it be¬ 
comes thoroughly balanced or “dry.” 

Should the hydrogel be of the kind that assumes definite form 
this rejection of water and subsequent shrinkage will be specially 
noteworthy: it would mean the erumldiug and disintegration of 
solid substance, such as the magma of a rock or the mortar of Port¬ 
land Cement. 

•%< 

The colloidal balance as regards water contents of a. hydrogel 
would seem to depend on two factors : The presence of water - or 
moisture and the vapor pressure or temperature. Should balance , 
in this matter not exist it will be automatically restored as far, as 
existing conditions will permif. We have already noted . tSat 
excess water will be rejected ; should a deficiency exist water will 
be absorbed. The limits of variability on this point ere very, far 
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apart: only a Bmall increase in temperature will cause a great in¬ 
crease in vapor pressure and a correspondingly increased absorp¬ 
tion of water. 

When a gel absorbs water it increases iu volume but not to an 
equal extent to the volume of the added water; internal stresses 
must therefore occur, also production of heat. Both have been ex¬ 
perimentally established. The rejection of water follows a slightly 
different curve aud the phenomenon as a whole is subject to 
hysteresis. 

lJatschek quotes Reinko as having * made (Edometer experi¬ 
ments on Laminaria cells and shown by direct readings over 40 
atmospheres pressure for a 10 per cent, swelling. White experi¬ 
menting on 1 to o Portland Cement mortar has shown elongations of 
015 per cent, corresponding to a stress, if the restraint were com¬ 
plete, of not less than 1,500 lbs. per sq. in. In addition to this there 
is the stress due to internal restraint by the colloidal structure. 

By natural or artificial means a hydrogel may be made to reject 
water until colloidal balance has been attained.* A Silica gel 
precipitated by the presence of calcium oxide in water will produce 
a colloidal calcium hydro silicate. According to ftfichaelis this is 
the fundamental hardening substance in Portland Cement and' 
related products, which during a process of rejection of excess water 
becomes dry and hard and fixed. 

From the view point of Natural Philosophy or Pure Science 
there are an almost endless variety of phenomena that might be 
studied in connection with sols and gels. From the view point of 
structural engineering only two of them, already referred to, are at 
preseut specially significant, and important, viz. 

3. The setting of certain gels into fixed bodies of definitely 
established shapes and sizes. 

2. The change of the water contents of these fixed gels and in 
connection therewith changes of volume and temperature. 

The semifluid gels are of great interest to the chemical engineer 
and specially so the changes of water contents of these gels; they 
are of even more interest to the biologist, but the structural 
engineer in an elementary study may Cbnfine himself to the above 
two phenomena . 

To review in detail all the more common structural materials 
from the view point of colloidal behaviour would be both instructive 
and interesting. But this unfortunately cannot be done iu this 
paper. Space does not permit and the facts are difficult to ascer¬ 
tain* r |liA^iologist#and the manufacturers are those who have been 
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primarily served l>y the colloidal investigators; for the structural 
engineers next to nothing has been done. 

We must turn to the Ideologist for auxiliary information, and 
he, unfortunately, does not seem to be a colloidal enthusiast. He 
expresses himself in terms of classical chemisfry while his domain 
is full of colloidal facts. His terminology is significant: it is very 
much his own because Geology in one sense is an old science, but it 
synchronizes beautifully with colloidal theory. “Sedimentation” 
expresses a well balanced hardening of a gel--with or without 
organic or inorganic impurities. “Intrusion” aud “Extrusion” 
expresses the flow and distribution of gels while they are still fluid 
or semifluid and before the conditions become favourable for harden¬ 
ing. The “Magma” is almost a colloidal phrase: it is the 
geologist’s word for a hardened gel and “'weathering” is at least 
one half, if not more, the process of colloidal absorption and rejec¬ 
tion of water with its destructive strains, stresses, and temperature 
variations, (’loads and fogs and silt belong almost, without change 
to colloidal phraseology. 

(’lark according to Kies ami Watson gives us the following in¬ 
formation about the prevalence of the elements in the Earth's crust. 


Silicon 

27-71% 

Alumiiiim 

7-s r> 

T ron 

. . t r>« 

Calcium 

... 3 47 

(fxygcu 

.. 47-33 

Hydrogen 

... 0-22 

Miscellaneous 

... 8-89 

Total 

.. 10000% 


A rough estimate of this sort would seem possible, but the 
decimals in this table arouse' suspicion : there seems to be far too 
much refinement. We would also wish to know the depth of the 
Earth’s crust. This is at best doubtful, and unless perfect 
uniformity is assumed—and this would hardly be permissible—the 
results would be very approximate. The Hydrogen contents seem 
to be low; Hydrogen is very light and the figure would be low, but 
it is more likely that both crysfallic and collodial water has been 
omitted. Assuming, however, a> rough reliability as regards pro¬ 
portions it impresses us specially that Silicon is so over abundant. 

Colloidal Hydrosilica Gels have been extensively investigated, 
presumably because during conditions of incomplete technique they 
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were easy to produce. Nature [trodneed them also iu abundance, 
possibly for the same reason. Quarts with its numerous relation* 
and combination*, such as, Flint, tfranitc, and Gneiss are natural 
examples. Portland Cement mortar and concrete are other 
examples of artificially produced compositions. 

Sami stone and Lime stone are other examples: Sainl stone 
a metamorpliic rock built np from flic ruins of siliceous (tel* and 
Limestone a gel of calcareous origin. Clay, another prod net of 
special interest is a gel of Alumina. 

While the above art 1 mentioned il is not denied Ilia! the various 
component parts do not oeenr as Crystals and Anhedrons ; it. is 
merely elaimed that (lit* principal occurrence is iu colloidal eoudl 
lion. The Earth’s crust has been a Colloidal Laboratory of vast 
dimensions* 

It. is characteristic of all tin* above rocks ami minerals that 
I hex should occur as fixed or af least as solid gels, either as *i 
homogeneous mass or as an aggregate in a heterogeneous mass in 
which another gel forms the cementation material." In the latter 
case the aggregate is not always all gel, a smaller or larger part 
may bo crystals, and crystals mav also settle out in the formation 
of the cementation substance, particularly if Magnesium, 
Aluminium, or Iron should reverse their polarity and act with 
calcareous water. Iu all cases, however, the gels retain their 
faculty to absorb or reject water, to expand or to contract, due to 
this change of water contents, and to produce or absorb heat 
accordingly. 

Miclmelis many \ears ago in his investigation of Portland 
CVment pointed out that excess water causes a considerable 
amount of shrinkage and destruction. Other gels behave very 
much in the same manner. Should this initial danger of dcstruc 
lion have been avoided subsequent change of water contents remains 
as a secondary and very substantial danger. 

The (Colloidal water is distributed over the mass through 
macroscopic, microscopic, or suhmicroscopic capillaries in the 
body of the gel. The nature and method of final fixation on the 
sub-microscopic colloidal dust of the original sol is related to the 
colloidal structure of the gel. and about this, as about the structure 
of the atom, apparently very little is definitely known or at least 
published so as to he available for a layman. 

The shrinkage of the gel leaves the crystals unaffected ; adjacent 
these, therefore, there develop special clearances which un 
nrtunatelv may be nia.crose.opic in size and serve as special and 
tuple paths for the wafer both for a rapid rejection, and later 
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ou for absorption, when tin*, pressure and temperature conditions 
have been reversed. This is a special danger in building stones, 
and also in Portland cement, concrete. 

Manufactured iron and other metals aje also colloidal in 
nature- their structure is denser and collodial investigation, 
therefore, at present of relatively less interest. Microscopical 
investigations of these materials have been carried on l'or years 
and their structure is well known. 

Timber cells are colloidal and colloidal behaviour of timber is 
v«*ry significant. Much material is available from colloidal bio 
chemical investigations. To review the same in this paper would 
carry us too far. A special paper would be required to do justice 
to the subject. 

Water is the life of the Tropics, and also the cause of the 
destruction of its man made creations and the metamorphosis of 
its rocks and soils. Uolloidal theory seems to explain most of this 
destruction and change. The wet monsoon comes; everything 
colloidal absorbs water and swells. Then comes the dry season : 
the water is rejected, the stna ture contracts. This is the process 
every year, and affects practically all that is built by man and 
much that is built by Nature, Fatalism in the meantime has 
obtained a bold on man’s mind ; oue surrenders to the law of decay 
and destruction : there seems to bo nothing else to do. 

Is it really necessary to surrender so completely; has eolloidal 
theory nothing to teach us in the matter of defence? One thing 
seems to be plain enough, namely, that waterproof protection 
should be applied on all exposed structural materials whenever 
conditions will permit. This means ordinarily the use of 
specialised, high class paints, formulated to give the best protection 
for the exposed materials under the most trying conditions of 
monsoonal change. Tt is merely elementary common sense, 
although very often neglected for the sake of economy, a fid yet at 
great expense. 

There are other lessons we may learn, and these we learn by 
the study of building stones of special composition and density. 
Some of these seem to leave no entree for the water; nay even 
more, they reject water from the surface. As far a*r natural stones 
for building purposes are concerned the problem then seems to be 
simple; it is a matter of selection only and it would be except 
for the matter of cost. Tt. might become necessary to select a 
semi-permanent stone and subject it to proper protective treatment. 
When it comes to artificial products, such as concrete, it is a 
matter of limitation. 
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All exposed concrete above ground should be surface treated 
at least, so as to cause it to reject the water of the monsoon, 
Structural concrete is monolithic for an entire building and this 
makes the stresses due to change in water contents specially 
dangerous, because each element is restrained by rigid attachment 
to the rest of the structure, lu this respect, change of water 
contents is even more dangerous than cluiuge of temperature. 
Below ground, as in foundations and foundation walls, and even 
above ground, as in retaining walls, dams, and bridges- preferably 
tlx* whole mass ol' concrete should be made impermeable. Not in 
the light hearted sense that so many engineers interpret this word : 
“watertight, against percolation,” but truly impermeable. 

Concrete by jumper rare and without special preparation can 
be made watertight, but not impermeable. It may be “watertight” 
and usually is -through colloidal absorption ami swelling, but 
this swelling is far from beneticial for the concrete. On the 
contrary repented swellings and alternate contractions with 
resultant strain and stress will slowly destroy the concrete: the 
free water in the mass will also corrode tlx* reinforcement ami 
thus create heavy internal stresses, both of which are very 
undesirable and dangerous. Impermeability means something 
more than watertight ness; a concrete so tight that nothing but the 
surface should be affected by cplloidal absorption of water, or 
belter yet a concrete with submicroseopic pores only and negative 
capillarity, so that all water would lx* rejected before having a 
chance of entering. No amount of ordinary care will produce this 
concrete: special menus must lx* adopted for internal waterproof 
ing. Tlx* world for wars lias been searehiug for these special 
means and they have been discovered. 

Before suceess was finally aehieved several materials and 
methods were proposed and tried, Chemically active materials 
evidently were oui of tlx* question : they would interfere with the 
well known properties of cement and introduce danger and 
uncertainty. 

Inert materials would also be dangerous and at the same time 
wasteful and inefficient. They would close the pores in part only; 
the reduction of water absorption in the cement gel would not be 
sufficient to prevent slow destruction. In ease of an excess of 
inert filler the structural value of the cement would be destroyed; 
unfortunately there would have to be a great deal to make it 
effective. 

There was then little else to suggest, except some suitable 
colloid The unsaturated colloids looked promising. They would 
act with the Calcium Oxide and form elastic self'hardening gels 



<>0 THE INSTITUTION OF ENGINEERS (INDIA). 

which would close the pores. True, but this would be almost 
equal to a. chemical reaction and therefore dangerous: what 
guarantee would there be Hint the structural value of the cement 
wou'd not be lowered or destroyed. Organic acids ready to form 
alkaline soaps or partial colloidal developments of these materials 
were in this class and wore soon proclaimed dangerous. 

Tin* metallic soaps proved to be a better selection; they are a 
finished colloidal product before being placed in the concrete or 
the mortar. They respond quickly when touched by water, but 
only within narrow limits so that the pores are therefore --without 
undue internal pressure—closed by this supplementary colloid 
e\en before the water has had a chance to act upon the cement gel. 

This clearly is a solution of the right kind, but. one more 
safeguard seemed to be desirable: namely, the reversal of the 
capilariiy so that the water would be repelled at a mere contact 
with the structure^. A great deal to ask, because 1 water is needeil 
lor the* mixing, anel ye*t after setting it must lie* re*pe*lle*d. It 
w on lei be interesting to know how this is eloite*, but the* maun 
tae*tiire*rs refuse* information. 

With the* double* safeguard of reve*rse*d capilarity and a special 
eadloiel to e-lose* the* penes the moment wale*r begins te> ae*t cement 
e*e»ne , re*T<* or plaste*r woiilcl seem to be* well prote*cted. I>y a double 
gate* each pore* is close*el, anel after the excess water has once be*e,n 
re*je*e*te*el it has no ehane-e* to e*nler again on its e*vil task of <le*strnc 
I ion. 

In pivscntiug this paper 11n* author does not wish to pose as a 
chemist, anel nothing e-onraine*d (he*re*in is elaimeel asotiginal. M\ 
own spe*e*ial liedel is rhielly structural nn*elianics. r l'lu* subjee-t of 
e-edloidal be*havior is impoitant, however, and the. information 
available* hot It se-ant and sea I tercel. It has been my aim and pur 
pose* to review the lii*Id anel collect such elafa as has se*eme*el useful 
for me profession. In eloing this I have* had no elesire to sle*p into 
allot her man’s domain. The colloielal cheunisls have* loft the* 
structural e*ngiue*e*r in almost eeimplete* ignorance* of such colloiel 
theory as e once rus him most intimately and he is there*fe>re forceel to 
ge» in se*are*h of information. 
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When flu* Tata Iron him! Steel Works won lirst ilist ;i I l<o I ill 
Jamshedpur, or Sakchi ns il wns then called ;i sewerage system 
was construelcd lo sene (In* town its (lien !ni<! out. Tin* sewerage 
system wns di\bled into two parts. on<* on oil her side of I In* ridge 
astride of wliioli ( 1 m* (own is Ini i 1 i. latch part consisted ol‘ a sol 
of innin sowers lending from wnlor Mushed Inlrines with dumping 
pits (o disposal works. Tliere were no house cornier! ions. The 
house sen ire wns entirely b\ tin ml 10 lie* dumpin'; pits. Kuril 
disposal works tins n siimll screening rlmmher n! the end of the 
sewers. After passing the screening (dm m her, (he sewage flows by 
n distributing (diniuud to one or more of lour septic tanks. These 
septic tanks, ns originally construrled. were simple oblong tnnks 
without any cross walls or ha tiles of any kind, except n scum 
board nea.i* the inlet and outlet. The (diluent from the tanks (lows 
through two dosing syphons on to two tillers. The (diluent from 
the one|disposal works conies throug'h :i long until into the river 
and from the other is partly used on a farm and part runs down 
another tnthi into the river. In l!M(i Col. Clejnesha inspected the 
disposal works. As it was already probable that the works and 
consequently 1 he town would shortly be enlarged, he suggested that 
the Steel Co. should investigate the possibilities of the activated 
sludge process for dealing with the sewage of the enlarged town 
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and even as a substitute for the disposal works already in operation. 
Jle recommended that Dr. Fowler should he consulted, and on Dr. 
Fowler’s recommendation a series of laboratory experiments was 
instituted to study the behaviour of the sludge under Indian 
conditions, particularly at Jamshedpur vvhefe the hot weather 
temperature is very high. In the meanwhile, Messrs. Jones & 
Attwood of Stourbridge (now Activated Sludge, Ltd.;, to whom 
reference was made, furnished proposals for converting the 
existing septic, tanks into activated sludge tanks. In 1917 one of 
the writers, V. N. Sarangdlmr, was engaged by the firm and 
deputed to llangalore to study the activated sludge process under 
Dr. Fowler. Early in 11)IS lie was called to Jamshedpur to study 
the. Jamshedpur sewage and its behaviour when treated by the 
activated sludge process. Experiments on a small scale were 
started in April and it was found then that in spile of high 
temperature in the months of May and June, the sludge purified 
the Jamshedpur sewage quite salisfactorih. A report on these' 
experiments was prepared and submitted to I he Fompany. At the 
same time the. other writer —F. <\ Temple was sent by Government 
to advise on the general sanitary needs of the enlarged town. As 
a result of that first visit, Dr. I*. K. Mnkerjee was engaged as 
Health Oflicer of the Fompanv and took charge of the sewerage 
system including the disposal works. These latter were not giving 
satisfactory results at. the time, and as investigation showed that 
considerable over septicisation was occurring, two septic tank 
compartments in each of the disposal works were put out of action 
with immediate improvement in the working of tlie. system. At the 
same time some very peculiar filters, shown in drawing 
No. 2 which were apparently intended to further oxidise the diluent 
from the main jilters, were abolished, beeau.se the eflliienf from 
them was invariably worse than (be rllluent from the main filters. 
It is possible that if time bad been available for a full investigation 
of their properties these tillers might have been made effective, but 
there was so much to be done at the time that when a reasonably 
good effluent was obtained from the main tillers every one was 
glad to be content with that, t'oitsiderable detailed investigation 
proceeded until November ltlls, when a conference was held, 
which was attended by Dr. Fowler, and it was then decided that 
it would be better to construct a new activated sludge plant, 
which would take over the work of one of the old disposal works, 
arid also an additional area, of the town then being constructed, 
than to remodel tin* old disposal works, for it was obviously 
desirable to remove both of the old disposal works from their 
existing situations. Investigation elsewhere also had modified 
ideas regarding the design of activated sludge tanks and the ridge 
Hud furrow bottom tank proposed by Jones & Alt wood for the 
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conversion of the old septic tanks had already been superseded by 
the wagon bottom. 

With a view to designing the new Activated Sludge Plant, 
gaagings were taken for a considerable period in the, sewers already 
constructed and in operation, which were to be connected to the 
new system, and in the open drains, which removed kitchen sullage, 
bath water and I lie like, which were also to be connected into the 
system, and an estimate was made of the discharge to be expected 
from the additional area to be sewered. 

The existing main sewer was found to flow at an average rate 
of 72,000 gallons per day and the surface drains to be connected 
into it at 11,000 gallons per daw The population served was about 
11,000. It was decided to collect this sewage in a well, capable of 
holding 12 hours’ flow, designed as a grit catcher with a screening 
chamber at its entrance, and to pump the sewage on to the ridge 
already selected as the site for the disposal works, at a distance of 
some (5,2tO feet from the well and 72 feet above it. This informa 
tion was supplied to Messrs. Jones & Attwood, who were asked 
to design a plant, w’hieli could be incorporated as part of a larger 
plant to serve the whole town when and if its population should 
increase to r*0,000 or even 100,000. In reply to this enquiry, 
Messrs. Jones & Attwood wrote as follows: — 

“ A Vo note you require us to put forward a plant to deal with 
“ a sewage flow from a present population of 2,000 at 2S gallons 
“ per head and a flow from a future population of from 50,000 to 
“ 100,000. Thus the future flow will be from 17 to 24 times the 
“ present flow. If the tank you now ask us to design is to be a unit 
“ of a plant to deal with the sewage from 100,000 population then 
“ there will lx* 24 units in operation besides stand lives. 

“ You also ask us to put forward the most: economical unit and 
we find that the larger the unit the more economical if is, thus w«* 
“ should not propose more than 10 units for the 100,000 population. 

“ Enclosed is print Drawing No. 4 showing a complete plant, 
“ also a description with parts numbered to suit numbers ou draw' 
u ing. 

“ You will note that a re aeration tank is shown and it has been 
“ found advisable to have a certain amount of re-aeration in all 
“ plants as some de-activation takes place in the settlement tank. 

“ Hence our proposal is that the tank now suggested for the 
“ 2,000 population should become a re-aeration tank in final per- 
“ imment plant in which case its size and proportion need not be 
“ those of an aeration unit of final plant. 

“ For convenience in testing we propose .2 units each to deal with 
“ 50,000 gallons per day assuming a 0 hours’ aeration period of 1 
“ tills per day. 
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•“ If capacity is insufficient tin* tanks can he lengthened : if too 
" great one or e\ cn I wo anils can lie put out of commission by 
“ leaving Ihcm full of pure or freaks! water, 

“ The settleiuenl tank lo lie built for this preliminary plant can 
“ lie used later for se( I ling t lie surplus sludge. .. 


“ We note you suggest two sets of screens, the lirsf with 1 ,/ 
“ spares and the second with V spaces. In our designs we are 
“ adopting from I S" to -J" spaces for the fine screen, and we find 
“ that rags get past even these/* 

The same lirm sent us Drawing No. I to which the plant was 
ti 1 st built. The draw ing with its descriplive list is self explanatory. 
The details of construction offer a veiy few points of interest. 
The foundations were lime concrete including the lining of the 
hopper of the settling tank. The main walls were brick in lime, 
cement plastered, and (he partition walls were made of brick 
on edge in cement mortar reinforced with ipiarfer inch 
rods and then covered with cement plaster. The arrange 
meut of the air mains leading to tin* diffusers is shown in 
Drawing No. 5. which incidentally shows the general arrangement 
of the pulsating gear, (lie detail of w hich isgixen in Drawing No. 7. 
The details of diffusers and of the Glifford inlet, through which the 
aerated sewage is admitted to the settling chamber are given in 
Drawings Nos. dA and ti. 


The sewage miters ar the point w here the 7" main is shown going 
through the wall below the surface of the sewage in the tank in the 
mixing chamber marked la. It passes through the opening at the 
bottom of the wall into chamber L* in the direction of the arrows and 
flows out again info connect ing chamber From d it flows info the, 
second aeration chamber 1* a, w hich is similar to L*; from there to 
d a, the second connecting chamber: from that again to ‘J-b, the 
third aeration chamber, and so through 1, the central chamber, from 
which it goes by piped a to the Clifford inlet in the Settling Tank d. 
The sludge settles in d and the clear effluent is drawn off through the 
bell mouth outlets d e into the (diluent channel (J: over the effluent 
wmrfi-a to effluent chamber fib. There is a forward movement of 
the sewage through the tank due to (lu* incoming sewage, and the 
amount that overflows at the end is equal to the amount (hat comes 
in at the beginning. 


The activated sludge process depends upon (he mixing of settled 
ae(ivated sludge with the incoming sewage. For this purpose air 
lift 7 picks up the sludge from the bottom of the settling tank 
through Ihe pipe 7 a into the re aeration chamber S. The re aerated 
sludge flows out of M b over a submerged weir info mixing chamber 
1 a where if mixes with the incoming sewage. The rapidity of move¬ 
ment of the sewage in its journey through the tank depends on two 
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factors :—(1) the amount of sewage entering from the pumps, and 
(2) the amount of sludge lifted from the bottom of the set tling tank 
by the air lift through the re aeration tank into I he mixing chamber. 

The blowers are two positive rotary blowers, each capable of 
delivering 200 eft. of free air per minute at 210 revolutions per 
minute against a pressure* of 4 lbs. per sq. ineh. arranged for belt 
drive. It was originally hoped that, electric current would be avail¬ 
able by the time the plant was complete, ami it was intended to use 
approximately 71 15. 11. P. motors for driving the blowers. As. 
how'ever, no electric feeder line bad come within a, practicable dis¬ 
tance of the plant, such prime movers as were available on the spot 
were put into use. One of these is a 2 stroke crude oil 18 II.P. 
engine, w hich is still doing the work for about N hours a day. To 
keep this engine running it was very soon found necessary to have 
several hours free every day for cleaning and overhauling. As the 
blowers had to goon continuously, a vertical boiler was found, and 
the engine from a, steam hoist adapted to drive one of the blowers. 
This machine ran for about a, year, and then when llie boiler was 
required elsewhere a 20 II.P. portable engine was pul in its place 
and is still running. None of these engines are correctly propor 
lioned for the work that they have to do and are not running at all 
economically. For Ibis reason, it is to be noted from the outset 
that this plant gives very little information regarding the true costs 
of running the activated sludge process, which is and must be one 
of the most important considerations in determining whether any 
pariicular process is to be installed or not in am particular locality. 

In consequence of the good results obtained elsewhere by its 
introduction, the apparat us known as a pulsating gear was installed 
on the air delivery system. This apparatus eoiisists of an air driven 
turbine operating <i slide valves, controlling (be air supply taken 
from the main delivery pipe through small food pipes (o (! diaphragm 
valves on the branch air pipes which lead to (In* diffusers. As the 
turbine revolves, the valves admit air to the diaphragm valves, in 
turn temporarily cutting the air supply off from each branch pipe 
ami its set of diffusers. This has been found in some installalions to 
economise in the total quantity of air required. 

The actual outlet arrangement of llioellluonf was altered slightly 
from Drawing No. I. Ellluent chamber d b was constructed as 
shown in Drawing No. S to discharge over a JMF V. Notch on either 
side, with a small gauge chamber on the third side, in which, by 
reading on a scale, Hie approximate discharge at any moment can be 
determined. As the ellluent is used to irrigate a large farm, and as 
a small part of the farm is at a high level, a ti" pipe was introduced 
into the efltnent channel (i, so as to make it possible, when necessary, 
to take advantage of the few feef extra head given by the height of 
the tank itself. 
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The construction of the tanks was commenced late in .1919. 
(twin# to shipping delays tlie bulk of the equipment did npt. arrive 
until.Tilly, 1920, and parts of it did not, conic to hand until duly, 
1921. It was, therefore, not. until near the end of November, 1921, 
that the plant could tirst be put into operation. The tanks (aeration, 
settling, and re aeration! were tilled with sewage, and air was turned 
o., "while they were being tilled. When they were full, the inflow of 
fresh sewage was stopped, so that then* was no outflow through the 
e til unit channel, rirculatioii was maintained through the whole 
series of tanks by means of the compressed air lift, and blowing was 
steadily continued. At tin* end of 21 hours sludge could be seen in 
traces and at t lie end of IS hours’ aeration sludge could be distinctly 
settled out in a bottle leaving a clear ellluent with tin* following 
analysis 


F. .V 

: SX. 

Alb X. 

Nitrite. 

Nitrate. 

rl. 

Sludge. 

0 hrs. 0 711 

0210 

Nil 

Nil 

2 0 

Nil 

24 hrs 

. 0 soo 

0 ISO 

Nil 

f.l 

2 1 

F. Trace 

IS Ill's 

. 0-912 

0‘10S 

f.t 

0-01 

2*1 

1 >isl incl 


This was so hopeful that continuous running was attempted but 
various diflicul! ies and defects, which were only to be expected in 
the tirst plant of the kind to be. set. to work in India, began to appear 
\erv early. It was at this stage that it became clear that the oil 
engine could nol run the plant single-handed. The whole plant was 
shut down while the hoist engine was being installed: the tanks 
were emptied out and a number of minor alterations made, one of 
these being the raising of the walls of tin* re aeration tank near the 
air lift to prevent the return sludge spilling over the wall. 

A fresh start was made in December. Within Iti hours traces of 
sludge were visible, and at the end of 21 hours sludge could be dis 
lincfly settled out in a bottle. So remarkable a formation of sludge 
within so short a period may have been due to the presence of some 
starting nucleus. It may have come from silt and coarse particles 
in the sewage itself or may have conn* from particles of oh I sludge 
adhering to the tank or diffusers. At t he etui of 24 hours' run, the 
condition of the tank was favourable for taking fresh sewage, and at 
the end of IS hours, the tank was set to run on tin* continuous How 
system for which it was designed. The following is the analysis of 
1la; ellluent at the end of hours:- 

F. & SX. Alb N. Nitrite. Nitrate. (11. Sludge. 

0 975 0 09 0(101 (HU IT \\% 

It was some time before the routine of the plant was so organised 
that it could be relied on to run steadily for several days on end. 
The sewage pumped up from the well, which was intended to act as a. 
grit catcher, contained excessive grit and silt.. This was improved 
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by working a continuous chain bucket sludge lift at the vveli daily. 
Owing to the excessive silt and also in mechanical difficulties in 
keeping up sufficient air pressure from the blowers, the diffusers 
choked rapidly. Those difficulties were overcome by degrees and it 
became possible to maintain a steady pressure of M,« lbs. of air in the 
diffusers. Means wore also lound to clean the diffusers without 
much difficulty, for this purpose blowing steam through them was 
found very effective. 

Whenever for any reason the tank had to he shut down, the 
crude sewage was turned loose on the farm, where there was ample 
land to absorb it. This was made possible by taking a branch, con¬ 
trolled by a sluice valve, off the 7" Rising Main, at ground level, sit 
the point where it turned up into the tank. The inlet to the tank 
was also controlled by a sluice valve. When the tank was tirsl put 
to work, it was found necessary to regulate the they of sewage and 
this was more conveniently done by opening and closing these two 
valves than by sending to the Pump House, over a mile a wav. With 
the 7" pipe delivering in the tank below top water level there was a 
danger of discharging (he contents of the upper purl of the tank 
(hrough (In* branch of I la* rising main on to (lie farm, or if the pumps 
shut down accidentally, of discharging them backwards down the 
main. Ft was also impossible to watch Ibe variations of How at tin* 
inlet both for qua lit v and ipianlity. The valve on the inlet to the 
tank was therefore removed and the pipe lifted so as to discharge 
info the tank over the top of the wall. (1'rawing No. S.i Any re 
gulafion of flow necessary has subsequent ly been done hv means of 
the other valve releasing the crude sewage direct on the farm. In 
actual practice Hu* use of this valve has become less and less 
frequent, and now for months at a time it remains steadily closed. 

I'living 1022 the running of the plant settled down to a fairly steady 
routine, but the quantity of sewage to be dealt with steadily in 
creased. When it reached 1-50,000 gallons per dnv, if exceeded the 
capacity of the tank, as designed, (he water level in the first aera¬ 
tion chamber being raised to such an extent that sewage overflowed 
in nil directions in an tmpiirified condition. Some temporary ex¬ 
pedients used to overcome this difficulty indicated that the plant 
was capable of purifying a very much larger quantity of sewage than 
had originally been anticipated. In August. 1022. as stated above, 
the boiler which had been running the sfeam engine was required 
elsewhere, and it became necessary to rearrange part of the 
mechanical equipment so that one blower could be driven by the 
portable steam engine, to which reference has already been made 
and which became available at Hu* same* time. As the oil engine 
was not capable of steady 21 hours’ running while the change of 
the steam eugiue was being made, and as it was in need of a 
thorough overhaul, it was decided to shut down the plant, while. 
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the mechanic-ill equipment was overhauled and re-arranged, and to 
take the opportunity of raising the walls ol‘ the re-aeration tank and 
of the lirst and second aeration tanks and of (he bye-pass channel, 
lleforc the re]»uirs and alterations were complete, a strike occurred 
in the Steel Works, on account of which no power w r as available for 
working the sewage pumps so that it was impossible to start up the 
plant again until November, because there was no sewage to put in 
it. A number of other alterations were made at that time. The air 
distribution system, as originally designed, gave a great deal of 
trouble. A radical defect for this climate was the use of rubber 
washers for all joints. Rubber perishes in this climate and the 
joints leak. Ail the rubber joints have been replaced by lead. The 
pipes were originally placed on tiny cast iron stands. The storms 
of the hot weather and rainy seasons with their high winds blew 
the air piping inches out of the straight, leaving leaks to be 
repaired. I’v this (inn* (he cast iron stands had been replaced 
by an almost continuous cradle of bricks and cement plaster. 
Tin* pulsating gear proved a complete failure. Even wdien it was 
new it never worked well and the power saved was not appreciable. 
Very soon alter it was put into use the large rubber diaphragms, 
which worked the cut off valves, disintegrated. Within two months 
of starting up, it was deliberately taken out of action. There were 
no guides for the handles of the disc valves that control the various 
aeration tanks and connecting chambers, and the handles could 
fall into the sewage. Guides were lived to prevent this. Alerhani 
rally the blowers have been most reliable. The name plate speed 
is shown as U10 r. p. in. and maximum pressure as 1 lbs. It, was 
found that the air pressure near the diffusers was only .‘5 to .'!( lbs. 
At this speed the system runs satisfactorily. 

Since this rearrangement of the mechanical equipment there 
has been much less difficulty with choked diffusers. This is partly 
due to the fact that the air pressure lias not only been maintained 
at rather higher average pressure but has been steadily maintained 
at tin* pressure required. When the pressure was liable to drop 
for an hour or so, silt and sludge had time to accumulate in such 
quantities on the diffusers that ordinary air pressure would not 
blow them free. Even now when proper pressure is maintained 
there is still some trouble with the diffusers. It has recently 
been deiermined without any doubt that tliis is due to the large 
quantity of very tine sill sent up by the pumps, from which it is 
clear that though the eapacily of the sump is sufficient lo reduce 
the velocity to a point, at which most, of the ordinary coarse silt 
will ionic down, its shape is such that it does not allow sufficient 
time of travel to bring down even the whole of the mineral grit. 
The sewage also contains fine colloidal silt, which is common to all 
the upland waters of Ohota Nagpur and which is known from 
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various water works installations not to come down even though 
the water is reduced to a state of complete quiescence; but which 
comes down instantlyrif a coagulant is added. Ju a water works 
alum or some salt of that kind is used as a coagulant. In the sewage 
works the activated sludge acts as a coagulant and brings down 111'} 
line silt with extreme rapidity iu the first aeration tank. 

Among other drawings that have been sent us there is one of 
an installation containing an aerated grit catcher. 11 is not clear 
from those drawings whether any activated sludge 4 is admitted to 
the grit catcher or whether tin 4 crude sewage alone is aerated. In 
the absence of further informal ion it is difficult to see how this 
grit catcher works and as il was not recommended for the .1mushed 
pur Plant, presumably it was not entirely successful. Much 
research work evidently remains to he done on the problem of 
extracting the line colloidal sill found hen 4 . There are many forms 
of grit catchers in use in different parts of (he world, which would 
extract tlie greater part of the mineral grit. The Jamshedpur 
experience indicates that this should Is 4 dealt with as a problem 
separate from that of extracting tlx* line colloidal silt. The latter 
can be brought down without any difficulty by the use of a little 
activated sludge. The danger of bringing if down in this wav 
is that putrefactive matter will come down with tin 4 silt, and may 
form a septic and offensive sludge, which would have to be buried 
as rapidly as possible. If remains to devise a grit catcher which 
will bring down the maximum of the line colloidal sill, with I he 
minimum of organic matter so as to avoid trouble in (he grit 
catcher on <lit* one baud and in the aeration tanks on the oilier. 
Up to the present lime the best procedure that we have been able 
to devise is to clean out the first aeration lank, whenever the silt 
accumulates tp an extent that interferes with the working of the 
tank. Another source of trouble in the diffusers was dust from 
tin 4 atmosphere and oil from the machine drawn in by the Mowers. 
An air filter is installed to minimize tin 4 dust trouble, but. oil 
trouble still remains. At periods when there has been trouble in 
maintaining regular and sufficient air pressure, the opportunities 
have been taken to investigate the effect on the sludge. It 
deteriorates rapidly assuming a flabby appearance, does not easily 
■nettle, and under the microscope shows a large growth of protozoa, 
and other forms of higher life. 

As in all other forms of sewage disposal works, there is a 
relation to be established between the number of persons served, 
the strength of the sewage, and the size of the tank in which the 
nurificafion is effected. The experiments carried out by Col. 
Clemesba in Onleutfa and bv the Bihar and Orissa Public Health 
Department, in Gaya and Patna showed that a suitable size of 
septic tank was 2 eft. of tank capacity per user of any sewage 
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1 etween 5 and 10 gallons dilution. If a septic tank is designed of 

this capacity, the time taken by I lie* sewage to pass through the 

tank, or the period of rest which is the term usually elnployed, will 

take care of itself. We have already seen that Messrs. Jours & 

* 

All wood designed (lie Jamshedpur IMant for the sewage of .‘>,000 
persons diluted to 2S gallons per head, and, as they say in their 
letter, they proposed 2 units, each to deal with .">0,000 gallons per 
day assuming (> hours* aeration period of I fills per day. 

The capacity of each of the 2 aeration tanks is nearly 12,000 
gallons or some 20,000 gallons in all, together with which may he 
taken the bye-pass channel, making a total aerating tank capacity 
of some 10,000 gallons. This is equivalent to a lift It* more than 

2 eft. tank capacity per head, which agrees approximately with 
the septic tank practice. Expressed in terms of period of aeration, 
this tank capacity would give a period of some (>A hours’ aeration 
to the sewage when flowing at an a\ernge rate of 150,000 gallons 
per da\, hut for the fact that while file clear (diluent is allowed 
to (‘scape, the sludge is retained in the tank until it occupies a 
space of 20 per cent. of the total capacity; the actual aeration 
period, therefore, when the How is 1 .“>0.000 gallons, isahmil -“> hours. 

In practice, the load on flic tank has been increased whenever 
opportunity has occurred, if was evident in the each stages that 
the limit to the liquid capacity of the tank was fixed by the height 
of the walls, for sewage was pumped into the lank and at the 
same time the return sludge airlift was worked at such a pace 
that the surface gradient through I lie aeration lank became so 
sleep that the first lank overflowed. The actual gradient at a flow 
of 200,000 gallons per day was IS inches between tin* inlet of the 
liisi aeration tank and the outlet of the third. At the time when 
the mechanical equipment was being overhauled, the walls of the 
aeration tanks were raised and the tank made capable of dealing 
with a daily flow of 2.“>0.000 gallons per day, with tin* airlift 
raising 120,000 gallons per day, making a total rate of flow 
through the re-aeration tanks of about 270,000 gallons per day. 

ftaring one period of accurate observation the number of 
persons served was 0,000: I he flow of sewage was 150,000 gallons 
per dn\ . I lie dilution of the sewage was therefore 25 gallons per 
head per day; and the cubic capacity of the tank I Jcff. per head. 
With the plant working under these conditions a satisfactory non 
putrefactive elTluent was obtained, and a sludge which could be 
handled without difficulty. At the times of a maximum How of 
250,000 gallons per day there may have been occasions when the 
population served was 8,000. but this is uncertain. When the flow 
is as great as this, the settling tank capacity is not sufficient to 
bring down all the sludge, and light particles are to be seen in the 
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effluent, hut no trouble has as yet arisen on this account. On a 
remit occasion, when Xo. 1 .aeration tank had jo he laid off for 
the removal of silt, the whole of tin* load of about 200,000 gallons 
l*ei‘ day from 0,000 people was pat on to tanks Nos. 2 and It. A mm 
pul retael ive elllitenf was still obtained ilumgh the tank rapacity 
had tome down to 0 it elt. per user and the period of 
aeration to 2J> hours. Working at this speed and with so short 
aeration, the nit ritieat ion and Ilie coagulation of the sludge is less; 
sludge settles much less rapidly and an unusually laige proportion 
goes out with diluent. It it had not been possible to dispose of 
‘diluent and sludge together on the farm it is possible that (he 
sludge and the diluent might hu\e gi\eu rise In a nuisance. This 
(rouble could probably be overcome by increasing the re aeration 
tank and the settling tank capacity by the addition of another 
settling tank and possibly extending (he re aeration tank. 
Investigations on these lines yyill be of the greatest value, for every 
improvement of this kind will diminish the eosl o! the process, and 
its cost is at present the gieatesl obstacle to its installation in 
many places. 


In a continuous lloyy plant, I he acral inn period is taken on the 
average: lor instance, when (heJlovv ol sewage is 1.70,1100 gallons, 
the aeration period is staled In be about o hours. The ellicieiit 
working ol flu* plant is much iulluenced by the rale at which the 
sludge is returned Irnm the airlift into the re aeration lank. 
AV lien (he sewage is from 2.7 to 20 gallons dilution the best 
admixture of activated sludge with dooming sewage is produced 
bv working the air lift from the settling tank into the re aeration 
tank at the rate of 120,000 gallons per day. This together with 
the normal inflow of sewage ol 1.70,000 gallons per day makes a 
total rate of tloyv through the aeration tank of 270,000 gallons per 
day. The minimum time therefore in which any particular particle 
of sewage can pass through the plant is about, 2,1 hours, though 
the average number of limes 1 hut any average particle of sewage 
circulates through the tank is almost It. Working at the greater 
speed ofliiO,000 gallons per day of ret urn sludge, the total rate 
of How through the aeration tank is 200,000 gallons per day. The 
minimum time then in which any particular particle of sewage can 
pass through the plant is about 2 lirs. while the average number of 
times that any average particle of sewage circulates through tlx* 
tank is 10. 


The rapacity of the re aeration chamber is approximately 
ft,000 gallons, nml if the air-lift is worked at the average rate of 
120,000 gallons per day the re aeration period is one hour. IT the 
incoming sewage is very strong (as occurs at certain periods every 
flay when the contents of night soil carts arc dumped in the sewers) 
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the tank works bettor it’ the air-lift in speeded up to a rate of 150,000 
gallons per day. This reduces the period of re-aeration, but by 
increasing the rapidity of How through the aeration tank it brings 
the strong sewage more rapidly into an emulsion. It is to be noted 
that the rate at which the air lift must be worked depends much 
morfe on the strength of the sewage than on its hulk. This agrees 
with experience in all biological sewage disposal works that tank 
capacity and addition of outside re agents depend on the quantity 
of organic matter to be purilied or in other words on the number 
of persons served. 


The design of the re aeration (auk is not satisfactory. From 
the drawing No. I it will he seen that there is no arrangement 
provided to let the surplus sludge oil'. This is now dom‘ by a 
syphon. (See photo.) The mushroom valve provided to drain the 
tank is not a convenient arrangement to let tin* sludge off daily, as 
it was found that, some tine mineral silt always lodged between the 
valve faces and prevented the \alve from closing tight. Another 
defect in the lank is the connection between the mixing chamber 
and the re aeration tank. Tin* principle for which the re aeration 
tank stands is vitiated by the fact that if for some reason the 
airlift stops working, the sewage, instead of moving forward 
through the aeration tank in the direction of arrows 
shown in the drawing No. 1, short circuits through the 
re aeration tank into the settling lank ami then passes 
out in mipurilicd condition. This not only deactivates the 


sludge 


hut disturbs the biological cycle 


for a long lime. Jf 


sewage is made to pass through the aeration tank even if no air is 
coming through the diffusers, if does mil cause so much dis 
turbance (and in fact the diluent is not had, for some purification 
got s on) as it does when if passes out through the re-aeration tank. 
It is proposed-to remedy this defect hv disconnecting the re- 
aeration tank entirely from the mixing chamber and raising its 
walls so flint the return sludge will fall over a weir into the mixing 
chamber. This would not only give better mechanical and biologi¬ 
cal results, hut. would make it easy to determine the precise rate 
at which the re-aerated sludge was being returned into the incoming 
sewage. At present when the flow of sewage is over 150,000 gallons 
per day, a portion of the re-aeration tank acts also as a mixing 
chamber, for the backward How of (lie sewage causes a whirlpool 
and reduces the capacity of the re aeration tank. 


In order to arrive at an intelligent comparison between the 
working of the activated sludge plant and that of other plants else¬ 
where we have been studying the ratio of air to sewage. When the 
volume and strength of sewage is such that the tank capacity Is 
J Heft. per head, T2 eft. of air per gallon with a minimum of <f hours’ 
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aeration parities the Juuishodpur sewage to l.ho standard reeom- 
mended by the Loyal Commission. 

As noted above, be ton; any large scale experiment, on the pro 
paratjon of activated sludge uud purification of sewage by its agency 
could be carried on in Jamshedpur much precise intoruintion was 
collected in the Laboratory by nieajis of small scale experiments in 
tubs of a capacity of 3 litres and 30 gallons each. As the Activated 
Sludge is a biochemical process fostering aerobic bacteria the sludge 
produced had to be kept, at‘rated by introducing air. for this pur 
pose a supply of compressed air was obtained and the lirst culture of 
the Activated Sludge was prepared by putting raw sewage in the 
tubs and blowing i^r through them. When a trace of nitrification 
was seen, air blowing was stopped and the whole mass of liquid 
allowed to stand quiescent for one hour. Supernatant, liquid was 
drawn otf leaving only 10% of the original volume which at the start 
contained sludge only in traces. Every day the requisite amount of 
sewage was put in twice and was blown in contact with the 
resultant sludge for 11 hours and then the whole muss allowed to 
settle for one hour. The supernatant clear liquid was then drawn 
oil leaving behind the sludge which grew in hulk with every addition 
of fresh sewage. When sulTicienl sludge had been collected 30% 
sludge uud N0% sewage were mixed together and air blown through 
them, and it. was found that 0 hours of aeration was the time re 
quirod to purify Jamshedpur sewage which was purely domestic, 
yielding a clear and stable diluent and a sludge healthy in appear¬ 
ance, free from any offensive smell and full of nitrifying bacteria. 
On these results recommendations were made that Jamshedpur 
sewage would need (> hrs. aeration. (Cubic capacity of tank per 
user was not then taken into consideration.; 

During these laboratory experiments longer aeration produced 
a better diluent, and reduced the number of bacteria of B. Coli and 
denitrifying group; but, as in practice, the running costs would )c 
proportionately greater, the minimum necessary period of aeration 
won recommended. It was also noticed that the absolute minimum 
period of aeration for strong Jamshedpur sewage was 3 hrs. At 
this figure, the sludge lost sonic of its capacity of nitrification and 
settling rapidly but otherwise maintained its capacity of producing 
a, clear diluent. Analysis of sewage and diluent was as fol¬ 
lows : — 


Raw sewage 

3 rats. 0 
... 3,HI 

Effluent 4 hrs. A. B. 

... 0.32 

Purification % ... 

... 91.(5 

11 hrs. A. E. 

... 0.24 

Purification 

... 93.7 

Raw sewage 

... 6.0* 

Effluent 11 hrs. A. E. 

... o.r»3 


4 hrs. 0 

F. & SN. 

Alb N, 

No S 1N 

io.n 

2.8 

2.4 


0.95 

f.t. 

0.08 

1.8 

91.2 


96.3 

— 

0.77 

— 

0.033 

3.0 

92.7 

— 

97.4 

— 

16.99 

2.74 

3.3 

— 

1.25 

0.02 

0.0G 

2 2 
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. These results were obtained by maintaining sludge at 20% to 
25% volume. Increase or decrease in the sludge by large volume 
affected the results but not to a very appreciable extent. The above 
proportion of sludge was found to be a good working proportion. 
These experiments wore conducted on a till and draw system and 
continued over a period of 12 months through all the extreme 
changes of weather and temperature met with in .Jamshedpur, and 
results indicated that they had no adverse effect on the sludge. 

Wo. wish here most emphatically to recommend that whenever 
possible such small experiments should be conducted before any 
Jayge scheme is put in hand as they would give much valuable in 
formation for designing large plant and would add to the know 
ledge of operating the various vagaries of the sludge. We find here 
a very close* agreement, between the results obtained in these ex 
periments and those obtained in the big plant now working on a 
continuous system. 


The big tank designed by the Activated Sludge, Ltd., was ready 
to run in November 11)21, on a continuous flow system. Though 
sludge formation was quick and purilieat ion of sewage was quite 
satisfactory it was noticed that sludge was not as healthy as it 
should be. The nit rilication was defective due to defective aeration, 
which was caused by the frequent mechanical breakdown. The 
defects in the original design which affected (lie Ido chemical factors, 
chief among them being denit rilication, have been rectified. The 
operators were trained to distinguish a good sludge from a bald, ami 
to maintain the good quality of flic sludge in the tank. Analysis 
had to he taken twice in a day to understand the working of these 
tanks at various points and to enable us to collect, data oil which to 
base a routine for operation. 


It is very difficult to define the characteristics of a good sludge 
in precise terms, and little more can he (lone tlmn give descriptive 
notes. A good sludge should he chocolate brown in colour, free 
from appreciable offensive smell, and when quiescent should settle 
within 15 minutes. The supernatant liquid should be clear and 
non colloidal, and on analysis should show nitrification. If nitrates 
are present the sewage has been well blown. A well blown sludge ' 
under the microscope is found to be full of bacteria and to contain 
a few protozoa. Among the bacteria present, those that form 
nitrites and nitrates are the most important, and should number 
100 or more per c.c. of the effluent. 


When the sewage is underblown, either because the capacity of 
the tank is too small to allow a sufficient period of aeration, or 
because of mechanical trouble, or obstructions in the diffusers, the 
sludge deteriorates. It gives off an offensive smell, changes from 
a chocolate brown to a dark black colour, and takes a very long 
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time to settle. At the same time I he supernatant liquid, instead 
of being clear and transparent, becomes colloidal and sticky. Some¬ 
times a sludge assumes a texture known as “ ropy.” Under the 
microscope such a sludge shows a large growth of protozoa, very 
slfiggish in movement, and not so active as those in a healthy well 
blown sludge. Unhealthy sludge may temporarily produce a satis¬ 
factory non putrefactive effluent. I!uf if the cause of the deteriora¬ 
tion is not removed, a serious breakdown of the whole process will 
occur. 


When the sewage is overblown which occurs when the quantity 
to hi* treated is too little for the tank, the sludge burns out i^nd 
diminishes in volume, and the effluent becomes colloidal. 

On tin* occasions when the sludge has been unhealthy it has been 
found to contain even worms such as Nematode, Uhirotinmiis, and 
Dero. Among the higher organisms usually found in a healthy 
sludge we have identified ciliale protozoa such as Vorlicella, 
Euplotes, and Uoleps, non ciliale protozoa such as Amoeba and a 
few rotifers such as IMiilodina. Whether their presence is bene 
ficial or not it is not,yet possible to say : but in a healthy sludge they 
have always been present in small numbers, and their movements 
very active. 


The process of sludge formation is as follows : When the crude 
sewage comes in contact with a nidus of activated sludge, the 
colloids coagulate after a certain period, and precipitate, forming 
sludge. This sludge as it is lirsl formed is not capable of purifying 
sewage, nor is it valuable as a fertilizer for if has an offensive smell, 
and being colloidal is likely to damage soil. It must he further 
blown until oxidisation of carbon and oxidization of nitrogen bring 
it to the proper texture anil condition. The etlecf ot aeration can 
verv well be studied from tlio analyses attached (page i»>) where 
the difference between the analysis of the effluent alter I brs. aera¬ 
tion and after 11 hrs. aeration is apparent. 

It lias been established that there is a minimum and a maximum 
period of aeration for any particular sewage. There is also a 
minimum and maximum percentage of sludge to In*, introduced in the 
sewage if a clear and stable effluent is to he produced. In both rela 
tions there is a wide margin within which good results will be 
obtained. For Jamshedpur sewage the volume of sludge to sewage 
can vary safely between 10 and l£0 per cent. It took some time to 
ascertain these figures, and still longer to regulate the working of 
the plant so as to obtain them. 

Theoretically the-aeration period when the plant first started 
was 12 hrs., yet the sludge was not satisfactory. This was mainly 
due to choking of diffusers in the middle of the tank forming con¬ 
venient pockets in which denitrification and in some places even 
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mii aerobic septicisat.iou look place. As soon as (Ik* difficulties were 
overcome ami a simile obtained of such a condition tlyit i( |)i*oduced 
an effiuent equal to (he standard recommended bv the Royal ('om- 
niission, more and more sewage was taken until the aeration period 
came down to <! hrs. It was (hen found that the capacity of the 
tank could with \ery small alterations be increased above J50,<»00 
gallons per day. These alterations which have already been d**s 
cribed enabled tin* plant to purify UoO.OOO gallons per day conveni 
ently : to treat sometimes as much as :>()(),()()() gallons per day with 
out seriously affectin'* the quality of the sludge or the e111ueut. 

* I'lie analysis of the sludge and data regarding quantity available 
from 1.000,000 gallons of sewage and nitrogen contents in the sludge 
are all attached in the tables. 

An attempt was made to study nit logon-fixation, but owing to 
diflieulties in proper sampling and to various laborious and trouble¬ 
some laboratory technique, the results obtained have been very con 
tradictorv. All that could be proved is (be presence of nitrogen 
fixing bacteria in tin* sludge, but whether nitrogen fixation from nil- 
lakes place in a big continuous flow tank is questionable, and the 
chances are that on account of defective aeration, denitrification is 
likely to lake place result ing in loss of nitrogen. At present we can 
account for only SO'Y, nitrogen of tlie sewage : the other 20% is lost 
to the farm. 

Some experiments were made on drying the sludge in the sun. 
It was found to dry very well on turf provided tin* depth of the 
sludge layer did not exceed .‘i inches. Drying on sand was found 
unsuitable, because though the sludge dried rapidly it penetrated 
the upper layers of the sand which became incorporated with it. 
thereby lowering I he percentage of nitrogen per volume of dry 
sludge. A layer of sludge dries on turf to spadable condition 
within (i hours and within til hours it is quite dry in flakes, varying 
from 1, l:*th to 1 Nth of an inch in thickness, which can be easily- 
handled. In layers it dries well on a cement floor. The sludge dried 
on the turf and on the cement surface of a roof kept in a stoppered 
bottle for the last two years shows so far no sign of deterioration* 
or of any offensive smell. The sludge as it comes out of the tank is 
very dilute and as much as oft"-!', of supernatant water by volume can 
bo removed. The remaining thickened sludge contains water as 
high as and it is therefore necessary to introduce a thickening 

chamber in the installation if sludge drying experiments are to be 
undertaken on a large scale. The maximum layer of such thickened 
sludge that eon hi ,1 m» dried in the sun with convenience was found to 
contain an inside core of offensive and putrescible matter which 
could not stand keeping and storing for any length of time. These 
cakes took 48 hours to dry completely and that too not without any 
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offensive smell. A well-blown sludge could eonveuieutlv be dried 
in tlu* sun up to <»" layer, and it is not advisable to push beyond that. 
A 2 layer is tin* best and least troublesome method if ample space 
is available. 


I lie value ol sludge as a lertiliser can be seen from the following 
agricultural experiments conducted met* two years. 

In tin* Laboratory experiments mentioned alnne it was found 
that the rate of sludge formation would be 2,1570 lbs. of dry matter 
Irom 1,000,1)01) gallons ol average Jamshedpur sewage. The nitro 
gen content in the Laboratory dried sludge was found to be frl'V, to 
0\>% depending on the amount ot^aeration the sludge had received. 


When tin* large scale plant was started towards the end of 1021, 
and when it had settled down to good and reliable working, tln*se 
experiments were again repeated and the following results were 
obtained. From 1.000,000 gallons of sewage 2,.700 lbs. of drv 
matter were obtained by drying the resultant sludge. This ligure 
is in close agrceineni with the one obtained in (In* Laboratory ex 
periments and has been found to be almost the same these last three 
years. The nitrogen ligure in the dried sludge was found in the 
beginning to be as high as (1‘V, to S”,,, and I lie probable explanation of 
this high content of Nilrogen in the sludge is that in the beginning, 
on account of the defective aeration referred to above, we did not 
obtain proper sludge for a long time, and the sludge that was pro 
duced was one which had just passed tin* “clotting stage’’ and 
reached fhe ,‘* oxidat ion ” singe. This sludgy* needed flirt her aera¬ 
tion to produce (he right quality, but because of defects in the planl 
this stage was not reached. However, as noted above, (he sludge 
was quite capable of producing a clear and good diluent and was 
free from any offensive smell. 

All the etliuent and sludge produced by the tanks are absorbed 
on an adjacent Hairy Farm land measuring about 20 acres (nearly 
1,000 acres are available for extensions of the* plant when more 
sewage shall be available). From the plant they are led by kutclia 
nalas to various'tields. In 1021 22 season most of these 20 acres 
were brought under cultivation for the tirsl time, because the land, 
which is in the nature of hard gravel soil (known as moorutn), was 
rejected by all the indigenous cultivators as totally barren. Ity the 
application of sludge, which supplies organic humus and nitrogen, 
and by irrigation with the etliuent. the soil has slowly changed its 
texture. Even in the lirsl your the yield of barley and oats and 
various marketable crops was admirable. These plants were growing 
in very poor condition hut improved within a fortnight after the 
application of the liquid sludge after which a healthy and vigorous 
growth was visible. Tn 1922 22 it was noted that the texture of me 
soil had considerably changed. The sludge application kept the 
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hind supplied wiM» flip necessary stock of nourishment for flip plants 
with flip result that in one psirfienhir plot four crops* namely, oats, 
maize, Imams, and cabbages, were raised wilhin the period of one 
year. 

* T 

The yield and growth of various props such as maize, beaus, 
sugar-canes, oats, and inarkef vegetables sueh as cabbages, cauli- 
flower, brinjals, peas and other variefies have been quite satisfae 
tory. The sugarcane was grow n on good paddy land, flic yield 
being as follows : — 

Class of Dane. Weigh! per acre. No. of canes per acre. 

,1. 21 1 (thin i 12«3 hM 11 is. 51 ,!)()<> 

New (iuiuea 22 (Ihick) 108,000 lbs. 27,000 

New Cuin&i 15 (thick) 70,000 lbs. 15,.‘100 

These results were obtained over an area of a little over three acres 
and may therefore be a crept ed as practical and not mere hot house 
figures. 


A series of experiments was made to compare the efficiency of 
sludge as a fertilizer with other natural and artificial fertilizers. 
A piece of land was selected which had been left iinculthnted because 
it was looked upon by Ha* indigenous cultivators as utterly barren. 
(See analysis of soil.) The land was laid out in two rows of 5 plots 
to each row. 1 let ween the two rows a path 5 ft. wide was left, and 
between each plot a bund was made 2 ft. wide and IJ ft. high. The 
area of each plot was 1 10th of an acre. One row of five plots was 
irrigated with wafer supplied from the^Fown Mains; the other row 
of live plots was irrigated with activated sludge diluent. The plots 
were manured as shown) in the Table 5. The activated sludge being 
liquid was distributed by making small channels in the plots. The 
sludge was dev in a little over 21 hours and wlieu quite dry was 
mixed w'itli the soil by ploughing. During these operations there 
was no nuisance of any kind. In plot. No. 8 the sludge was 
supplied on 7-12 22 and in plot No. 7 on b-12-22. Oowduug and 
ammonium sulphate used in other plots were applied on 5M.2-22. 
As it was late in the season, it was deeided not to attempt, to 
grow any crop to its full yield of grain and straw' hut to be content 
with a green fodder crop. On 10 12 22 2,1 Ihs. of oats were sown 
in each plot. 


Within a week (he seeds germinated, approximately equally in 
all the plots. As there were light showers of rain soon after the 
seeds germinated, the plots were not irrigated until the first week of 
.January, llv this time the seedlings had grown approximately 
J) inches high. Plot No. 1 was poor in appearance and plot No. XO 
appeared to be the healthiest of all. The other plots were approxi¬ 
mately equal in appearance. In the second week of January, Plot 
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No. 10 was still the beat looking, but plots Nos. 7 and 8 began to till 
up and to show a mass of dark green colour. In the third week of 
January, plots Nos. 7 and S had outgrown Plot No. 10 and were 
looking best of all. No. 1 by this time was very poor. In early 
February, plots Nos. 7 and 8 were so thick that light could no 
longer reach the roots and the plants became top heavy with the dew 
that fell at night. It was clear that in these plots Nos. 7 and 8 half 
the quantity of s<*ed would have been a more reasonable allowance. 
Plots Nos. J, 5, (>, and 10 were growing well. The other plots were 
growing thin in patches. In the second week of February plot 
No. 7 had such a heavy growth that it was thought advisable to cut 
the plot and conclude the experiiftent, but before a decision was 
reached a hail storm on 10-2-lNt made it necessary to cut ini 
mediately. Results are indicated on Table No. 5. 

hi plot No. S only 500 gallons ot sludge were taken with the 
idea that the amount of dry matter pul in the plot being only 
10 lbs. would probably be insufficient and flial the second dressing 
of r>00 gallons which was expected to be required would have a 
better result if applied to tin* young plants than if the whole were 
]>nt at one time. The growth however with tin* lirst 500 gallons 
was so thick that it was decided not to give a second dressing. In 
jdot No. 7, 1,000 gallons of sludge were taken with the intention 
of bringing (lie nitrogen content to the same level as in the other 
plots. As a matter of fact, the amount of nitrogen was in excess of 
that in the other plot, as the sludge in the plot No. 8 had hap¬ 
pened to be weak. It was also originally intended to compare 
the yield of plot No. 7 where the sludge was applied in one 
dose with that of plot No. 8 where the sludge was to be 
given in two doses. In plots Nos, 5 and 10 double the amount 
of eowdung and consequently double the amount of nitrogen given 
to plot No. 4 were" put with the idea that this would improve 
tin* texture of the soil, at the same time as making a 
large quantity of nourishment available. There is not much 
difference however in the yields of plot Nos. -1 and 5, though plot 
No. 10 has shown an appreciably larger yield. Whether this is 
line to the inoculation of the bacteria, from the effluent, or from a 
slight, lcakeage of sludge it is not possible to say, but it is worth 
noting that the men* addition of inorganic nitrogen iu plots Nos. 2 
and ft did not, help the plants as much as the inorganic nitrogen 
combined with organic manure did in plot No. J. This is in 
agreement with the experiment at Kothanisfed Farm. Plot. No. 6 
is very interesting. It was not manured deliberately in any way; 
but only irrigated with activated sludge effluent. The most pro¬ 
bable explanation is that, some sludge which may have been 
sticking to the sides ottbe main irrigation channel was picked up 
qnd carried to the plot by the effluent,. Comparing the plots Nos. 7 
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ami 8 anti also (>, if the hist assumption is true, it appears that the 
ncrivatcd sludge is easily available to the plants, and # the more it is 
added (provided the toxic point is not reached) the better the result. 
This should lx* borne in mind when the correct, proportion of seed 
lor growing green fodder is being considered. It appears probable 
that if the qiianity of seed in plots Nos. T and 8 were reduced to half, 
the individual plants would have thriven better and the ultimate 
yield would have been as good. 

A comparison of the amount of “dry matter” added to the plots 
7, 8 and 10 is interesting. In plot No. 7 it is 50 lbs. given in 1,000 
gallons of sludge* In plot No. N it is only 10 lbs. given in 500 
gallons of sludge. (Tin* sludge in the latter plot happened to 
contain more moisture* and therefore less “dry matter” per. unit 
volume.) In plot. No. 10 it is 500 Ihs. The farm yard manure in 
plot No. 10 has given a line yield ; hut it is less than that of 
plot No. 8, where there was only one-fourth of the nitrogen 
and one tifty-sixin of the weight of dry matter. This fact would 
heroine of great importance, if tin* sludge is ever dried and sold 
as manure, for the cost of bringing to tin* site would be com¬ 
paratively small. 

in 1922 21 season, oats wen* again grown on the experimental 
plots to compare the. yield of green balder of this year with that 
of the last (ear and also to note tin* yield of grain and straw. The 
plots of last year had remained fallow alter the oais were cut. 
They wen* ploughed in early October, levelled and divided so that, 
each plot was 1/4-Oth of ail acre in a red and the whole area, was 
divided into 2 series each series containing six plots, one being 
irrigated with tap water and manured with cow-dung and 
ammonium sulphate as shown in the table 0, and the other series 
was irrigated with the effluent and manured with sludge as shown 
in the same table. Out of the b plots iu a series, 11 were reserved 
for grain and straw and other three for green fodder. 

Activated sludge was taken (as shown in the table 0) in plots 
Nos. 7, 8, 9 oil 9-11 22, and on 10 11-22 iu plots Nos. 10, 31 tupl 
12, which were heavily manured. The plots Nos. 7, 8, 9 were 
purposely under-manured for we found last, year that with heavy 
manuring the growth was very thick and the plants overcrowded 
each other. The seed rate per acre was also reduced in the sludge 
plot. It was originally intended to give frequent dressings of 
sludge to plots Nos. 7, 8, 0 as should be found necessary. Oow- 
duiig and ammonium sulphate were put in the corresponding plots 
on 10-11-22. The plots were ploughed again and the mauure com¬ 
pletely incorporated with the soil. The weather was fine and the 
steeds were sown on 15-11-22 iu the proportion of 80 lbs. per acre 
in water-irrigated plots and 00 lbs. per acre in the sludge plots. 
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Seeds germinated in a week’s time equally in all the plots. 
Plots were irrigated once a week after this. In the lirst fortnight 
plots 2 and 5 looked healthier than the others. Rut in a month's 
time the sludge plots began to overtake the others and to look 
healthier. By Jo 1 21 the plots Nos. 11 and 12 were so much over¬ 
grown (see piloto) that the plants began to fall down and deprive 
t he roots of the light and it was thought advisable to rut them so 
that the yield of seeond c utting should not ho alTeeted. Plot No. 1) 
which was to be reserved for grain and straw was also rut partly 
through a mistake and partly on purpose because the plants iu 
(his plot began to fall down owing to stormy winds which occurred 
at the end of January, it was cut on 2S-1 21. By this time the 
plots Nos. u and 7 were also ready for rutting and they were cut 
on dates shown in the table (i. The yields of the 1st cutting of the 
various plots are also noted in the table 0. It was found that in 
heavily sludged irrigated plots the seed rate could he conveniently 
reduced to 40 tbs. pm* acre. The. plants iu plots Nos. 7 and S were 
standing well and a second dressing ol sludge was given to them 
on lb-L 24. The secondary growth after the lirst cutting was 
sluggish in liea\ily sludged plots Nos. 11 and 12 as the roots of 
some plants were weak, being deprived of tight, by (tie heavy 
growth. The plants in plots Nos. it and 10 were good and plot 
No. 0 was given a seeond dressing of sludge on 22-2-24. It 
appears irom these experiments that if a maximum yield is wanted 
in the* lirst cutting, the plot should b«‘ heavily irrigated with sludge 
(SO lbs. N. per acre;) and the maximum quantity of seeds (100 lbs. 
per acre) should be sown. But if two cuttings are to be taken, 
then the. sludge dressings should also be more than one, giving 
each time a minimum of 10 lbs. N. to 00 lbs. N. per acre for 3 
or 2 dressings respectively. 

The yields of grain and straw in the various plots are recorded 
in the table 0. Yield in plot No. 1 was very poor and grain did 
not mature. Iu plot No. 3 manured with cowdung and ammonium 
sulphate the yield of grain and straw is better than in plot No. 2 
manured with only cowdung. In plot No. 7 the yield of grain is 
rather better than in plot No. 3, but tin* yield of straw is much 
better. In plot No. S the yield of grain and straw is all that could 
be desired. In “Treatise on Manures by ClriOith’’ the maximum 
yield recorded by artificial manures in England is as follows:— 

Corn ... 60 bushels or 2,112 litres per a ere. 

Straw ... 4,700 lbs. per acre. 

In plot No. 9 the yield is as follows • 

('lorn ... 2,120 litres or 1,040 lbs. per acre. 

Straw ... 6,080 lbs. 
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Thus it appears that, the Activated Sludge system is remarkably 
well suited to Indian conditions both as a method o# sewage puri¬ 
fication and as a means of producing a valuable fertiliser, and by 
its judicial management on irrigated plots, it is possible to obtain 
the best yields without causing any appreciable nuisance in the 
locality and without losing the valuable nitrogen in the sewage. 

1*lutes : 

Drawing No. 1 Map of Jamshedpur. 

,, ,, 2 Septic Tank. 

,, ,, :* Septic Tank adapted to Activated Sludge Tank 

(by .Jones and Attwood). 

,, ,, I Activated Sludge tank. 

,, T* General Arrangement of Air pipes. 

,, ,, ."»A Details of Special Air liftings. 

,, ,, <5 Details of (Milford inlet. 

,, 7 Pulsating Gear. 

,, .. S Activated Sludge Tank with modifications and 

blower house, etc. 

.. ,, 0 Oat Experiments Plan 11J2.M. 

„ „ 1« „ W21. 

Table No. 1 Sewage Analysis. 

,, ,, 11 Elllucnt. Analysis. 

,, ,, III Sludge Analysis. 

.. ,, IV Soil Analysis. 

,, V Oat Experiment 192M (chart). 

„ VJ „ „ 1024 (chart). 

Photographs -2 Views of the Activated Sludge plant. 

,, 2 Views of Oats. 

Graphs. I -(’hlorine in Sewage and Effluent. 

,, II —Average Effluent Analysis throughout one year. 

Note; Plates Nos. 1 and 8 and Graphs are reproduced with the paper, 
the other plates are filed with the Institution. 
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Appearance. 

Clear. 
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sludge 

.•. 1,000,000 gallons of sewage 


--0 808 Cram. Nitrogen. 
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— 4'5 per cent. Vol. 

--- 45,000 gallons of sludge. 
-2,272 lbs. dry matter. 


(2) In an actual experiment with 3 fillings a 
day from 22,000 c.c. sewage sludge 

obtained .. .. =5*5 Gram, dry matter. 

1,000,000 gallons sewage .. *2.500 lbs. dry matter sludge. 
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TABLE NO. 4. 

ANALYSIS OF SOIL. 

♦ 

OAT HAI'VK/MtiXT. 

Plot No. 1 

After removing coarser particles which formed nearly 10%, the 
remaining portion was well powdered to pass llirongli linen cloth. 


ANA LYSIS OF T11 K Ft )\\I)KK. 

Moisture ... .. .. ... 0(17% 

Organic Matter ... ... ... ... 3;M% 

Silica & Insol ... ... ... .. 81 70% 

Fe 2 0, & Al,O g ... ... ... ... .. «•«<!% 

P.,0, ... ••• ... -• 0-54% 

K,/> ... ... ... 001% 

Undetermined . . ... ... ... 210% 


Total. 0000% 


Nitrogen (Kj) 0 00% 


The other plots Nos. 210 being from the same strata their 
analysis was not done. 
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EXPERIMENTS WITH OATS, 1924. 
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SOME NOTES 

OF 

CONDENSER TUBES, LOCOMOTIVE TUBES 

AND 

CUPRONICKEL. 

BY 

ALEXANDER CAMERON, Member. 


Tim: history of Solid Drawn Brass and Topper Tube making 
dates hark to somewhere about, tin* year JSJIS. Previous to this 
Tubes were made by turning up a strip of metal and brassing the 
seam --afterwards hammering the Tula* approximately round on an 
iron bar. The introduction ol' the Locomotive and Tubular Marine 
Boiler had much to do with creating and fostering a demand for 
Seamless Tubes. 


The first Seamless Topper Tubes were* made by casting a cylinder 
of Topper around an iron core. This cylinder was forged and drawn 
hot under a power hammer. The shell so tunned was turned and 
bored, then rolled upon a mandril through grooved rolls, and 
afterwards finished on a draw bench. At a later date a process was 
introduced lor pushing a hole through the centre of solid Topper 
Billets by means of a powerful hydraulic press. This process is 
still in use at some factories. 

Mannesman invented a process, first applied to Iron and Steel 
bu( afterwards applied to Popper, whereby the centre of a eylmdri 
cal billet was ruptured by passing it through conoidal rolls the 
hole in the centre being afterwards enlarged by Jorcing the billet 
over a revolving plug-thus converting the billet into a 
Various improvements in this process have been made by others, and 
to-day these improved rotary piercing machines are producing a 
largo proportion of Popper Tubes- having displaced the hydraulic 
piercing process in a number of faetoiies. 

This paper is confined to the processes in use for making such 
Tubes of Topper or Brass, ami deals with the procedure practised 
at the Works from which the illustrations have been made. These 
details do not necessarily represent the practice followed in other 

factories. 
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Where Copper Tubes are referred to it may be understood that 
Arsenical Copper Tubes to British Standard Specifications are 
meant, and where Brass Tubes are described the alloy will be either 
f wo and one quality, or 70 and 30 quality, containing, respectively, 
G0|% Copper with 33J% Zinc, or 70% Copper with 30% Zinc. Ad¬ 
miralty alloy for Condenser Tubes containing 70% Copper, 
29% Zinc, and 1% Tin, and Naval Brass containing 02% Copper, 
37% Zinc, and 1 % Tin will be mentioned specifically when they 
happen to be in reference. 


The plant used for the manufacture of Tubes is heavy, bulky, 
and expensive, requiring very considerable floor space in proportion 
to the number of workmen employed. The mechanical operations 
consume much power. The Tube Mill which has furnished the 
illustrations for this paper is equipped with 112 Electric Motors of 
an aggregate of 3,570 Jl.P. 


The principal plant items arc Chill Moulds for casting, Furnaces 
for melting and annealing, Pickling Vats, Machinery for piercing 
billets, Hydraulic Draw Benches, and Chain Draw Benches. The 
auxiliary machinery consists principally of Circular Metal Cutting 
Saws, Pointing Machines, Die Polishing Machines, Hydraulic 
Testing Machines, together with hundreds of Steel Dies and 
Mandrels of differing diameters and lengths. A Tool Room for 
making dies, mandrels, guages, etc., and a well equipped Engineer¬ 
ing Department are necessary adjuncts for maintaining the supply 
of loose tools and for dealing with the frequent and heavy repairs 
which are incidental to this type of machinery. 


As illustrating the power required to drive the various types of 
machines, a hundred ton Hydraulic Bench needs a 225 ll.P. Motor 
to drive tin* pumps. A set of 3 Benches for finishing Condenser 
Tubes and geared to draw at the rate of 90 feet per minute requires 
a hundred H.P. Motor to drive them. 


Seamless Brass Tubes may be said to date from Green’s patent 
of 1838. Ife patented a process for casting Brass Shells in iron 
chill moulds around a porous sand core. The same process without 
substantial alterations is in general use at the present day. The 
method lends itself to casting Shells of any desired weight, thick¬ 
ness, and diameter, such Shells being suitable for drawing on a 
bench without intermediate forging or rolling. 

There was no radical change in the method of drawing for nearly 
100 years, except that improvements in benches, giving greater 
power, stronger dogs, etc., developed as the demand for larger and 
thicker Tubes grew with the advance in engineering. 
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Hydraulic Benches were introduced about the year 1900, and 
have resulted in considerably increasing the speed of drawing, 
especially of Tubes of the larger sizes. 

The Welsh method of refining and casting copper is still the 
standard method of casting copper shells and billets for tubes, but 
the introduction of electric melting is a recent departure from the 
old time method. 


The first electric furnace for melting copper in bulk was erected 
in England in 1920. This method is making such progress in 
America that many of the largest brass factories have abandoned 
all other methods of melting. 


The selection of the raw materials is an important factor, and an 
increasing amount of attention ]n being given by the better tube 
makers to see that only the highest grades of materials are used. 
Kletcrolytic Copper of 99-9% purity or Best Selected Copper of over 
99*75% purity are generally used for the Alloys in Brass Tubes 
whilst the exclusive use of Zinc, of 99'5% and even 99 *9% purity is 
becoming more and more the practice of some makers. 

A number of technical terms which are used to denote various 
processes of manufacture may here be defined : - 

Billets are solid cylinders of cast metal. 

Shells are hollow cylinders either formed by (‘anting metal 
around a sand eon* in a chill mould or by piercing a hole axially 
through a billet. 

Breaking down is the first drawing process in converting a 
casting or shell into a tube. 

(letting down is the intermediate process of drawing preceding 
the finishing pass. 

Swaging or shouldering is the process of reducing the end of a 
shell or tube to prevent it passing over tin* mandrel and to enable 
it to enter the recess in the die. 

Pointing is the term used when the end of a tube is swaged for 
about. (P and reduced to a diameter which will allow the swaged 
portion to pass right, through the hole in the die. 

Coming now to present day methods of production, the manufac¬ 
ture of tubes is divided into two processes, viz., making shells and 
drawing shells into tubes. 

The drawing operations of Brass and Copper are very similar, 
but the method for producing shells from the two metals differs very 
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widely. It will, therefore, be necessary to deal with each metal 
separately. , 

The fact that Copper can be forced, rolled, and otherwise mani¬ 
pulated hot, whilst Grass is not amenable to hot working, has ail 
important bearing on the difference in (he methods of shell produc¬ 
tion just mentioned. 

Dealing with Copper (irst. The great majority of Copper shells 
are made by first easting solid cylindrical shaped billets and then 
piercing holes through them axially. 

The Copper is usually melted in reverberatory furnaces having a 
capacity of from 10 to 20 tons per charge. The charge, consisting of 
Copper scrap, standard bars, tough ingots, etc., is put into the 
furnace of an afternoon, melted during the night, relined ami 
brought up to pitch ready for pouring by the time the day gang of 
workers arrive* next morning. It is taken from the furnace in iron 
ladles, which are thinly coaled with fireclay to prevent the Copper 
sticking to them. It is gently poured into cast iron cylindrical 
moulds, great care being taken to prevent splashing. The pouring 
is done by a gang of men who follow each other closely so that there 
is no break in tin* operation. Tin* ladles cany about 20 lbs. of 
metal. The billets vary in weight from 1 cwt. up to 0 ewts. or more. 

A variation of the method of hand ladling is to mount a largo 
ladle on a waggon or suspend it on a runway, lJv these means suffi¬ 
cient Copper can hr earned to till a mould at one operation, except 
in the ease of very large eastings. 

It may la* well to mention that Copper is not tapped out of a 
furnace into a large receiving ladle in the same way that iron is, 
because, owing to its high conductivity, it very quickly chills. 
Where such method J.as been tried it has boon found that tin* metal 
frequently freezes in the tap hole, and, moreover, very thick layers 
freeze to the inside of the ladle. Such layers, or skulls as they are 
called, are difficult to break up for recharging, because Copper is 
malleable at all temperatures. It will bend or flatten out, but will 
not fracture. 

The most recent method of melting Copper for making Copper 
tube billets is by means of the electric furnace. The furnace having 
st capacity of 2,000 lbs. per charge is of the resistance type, the heat 
being generated in a resistance ring. This ring consists of a, trough 
or channel of carborundum, tilled with granules of carbon. Info the 
carbon grannies arc introduced two electrodes one each sit, opposite 
sides of the furnace. The carbon granules form a circuit of com¬ 
paratively high resistance between these electrodes. The passage of 
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a current through this circuit heats the curium granules to in¬ 
candescence. The heat from this incandescent ring is radiated to the 
concave roof of the furnace and from there down on to the furnace 
hearth. The temperature of the furnace is regulated by controlling 
the input of current. As then* is no arc then* is no area of intense 
local heating. 

Any predetermined temperature within the capacity of the 
current supply can he obtained and readily maintained within a very 
few degrees. 

ll is usual to pour all charges within 10 degrees of the desired 
temperature. As the input of current is maintained during the 
pouring process no fall of temperature takes place, and as the metal 
is poured from the furnace directly into the easting moulds it follows 
l hat the casting temperature of every billet is the same. 

Billets produced by this process show remarkable similarity in 
physical and mechanical properties far in advance of anything 
obtained by other methods. Such physical and mechanical pro¬ 
perties are also superior to those obtained by other processes. 
Defective billets art* very rare. 

The arrangement for casting the charge* when melted consists ol 
a circular revolving table to which are attached sudicient moulds to 
take* t he whole of the contents of the feirnae-e*. The* memlels sire 
hung on trunnions that they may he- lilte'd into a lmrizemtal position 
for cleaning anti dressing stnel also for withdrawing the* billets. The 
furnsie-e* is arranged t<* till aremud the* pouring spoilt so that the* 
whole* of the* pouring is done* from a fixeel point. A 10-horse* power 
motor with a suitable* worm gear operates the* lifting screw whieli 
tills the* furnae-e. WImmi pouring fsik«*s p!;ie‘e*n moiilel is lirst pul into 
position by revolving tin* turutsible*. The* turnae*e* is tilte*el until 
sutlicienit eoppe*r hsis run end to till the* mould, a thin stream is then 
aUowe*d to run to fee*el the* billed, as it e-ools. \\ hen leveling is e*oin- 
plete* a partial resolution of the tsihle* re*move*s the* hilled sinel smother 
one* takes its place. The* operation is rrpea I e*d until the* fur mice 
is empty. The memlels sere hollow cylinelers ol east iron. T he top 
e>nels sire* elished smel the bottom e*uels sire lifted with cast iron dists 
which have a sonii-cire'uhir proje*ction in the mieldle te»r forming a 
recess in the t*nel of the billet. The*se* discs are supporteel in position 
by oilmen's hanging from the* trunnions. Bel ore* 1h<* ceipper is 
poured the insides of the moulds and the discs are covered with a 
dre-ssing made of chareenil and oil. This elressing pre*v<*nts the 
copper from stie*king to the* moulds. l\ hen coed the billets reaelily 
slip ont. of the moulds after the suppeirts retaining the discs are 
removed. 



94 


THE INSTITUTION OF ENGINEERS (INDIA). 


The billets after being weighed and inspected are transferred to 
the piercing department. Here they are gardually heated to a 
temperature of 900 (' in a continuous furnace designed with a 
sloping bottom and arranged so that the billets charged in at one end 
wiP gradually roll down the tloor of the furnace during the heating 
process and be ready for discharging at the other end when fully 
heated. 

There are several methods of piercing copper billets as mentioned 
in an earlier portion of this paper. It is only proposed to describe 
one method here. It is an improved Mannesman process and is 
carried out on a Phillips Gilbert direct electrically driven rotary 
Piercer. 

In design A the Piercing Machine consists of two direct driven 
rolls, whose angles in plan and elevation arc so adjusted on the 
receiving side, as to impart a forward spinning action to the billet 
until the billet comes in contact with the piercing head. The func¬ 
tion of the hitter is to pierce and distribute the heated metal in 
circular section and with equal thickness of walls. 

The rotary power is imparted to the rolls direct from two 
motors of 200 II.I*, each, the motors being in synchronism as 
regards revs., and both are governed and started up from starters 
which are coupled together to ensure simultaneous starting. 

The total weight of the machine is about 15 tons, and the main 
parts are the bed, two housings, adjustable on bed, for varying 
diameter of tubes, two main rolls mounted on shafts carried in ball 
bearings. The two driving motors are mounted oil the housings, 
and drive direct through machine cut gears on to the roll shafts. 

A feature of this method of driving is the elimination of loss of 
power through driving through lines of shafting. Every unit of 
power consumed is transmitted direct to the rolls for the purpose 
of piercing. 

Another feature of tli !h drive is the absence of any fly wheel, this 
renders the machine extremely flexible in adjustment for the varying 
siz.es. The range of diameters covered is from 2 " up to 12". A new 
machine is in course of erection equipped up to 18" which is believed 
to be the largest in the world. 

The time taken in the actual piercing of a billet is from 15 to 25 
seconds, according to diameter and length. 

The adjustment of the rolls for the different diameters is con¬ 
trolled by 8 11.P. motor, reversing, operating through a left hand 
screw at one end and right hand at the other, connected to the 
adjustable housings. 
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The pierced billets, now shells, are quenched in water on leaving 
the piercer aud are then trimmed at the ends, if they are ragged, by 
means of a circular saw. They are afterwards annealed to remove 
any internal stresses which may have been set. lip in the piercing 
operation, pickled to remove scale and then shouldered under a 
pneumatic hammer or a knuckle joint pointing machine. They are 
now ready for the breaking down draw which is given on a hydraulic 
bench of the push and pull type. All drawing is done cold. 
Mandrel drawing consists of sliding the shell oil to a mandrel then 
drawing or pushing the mandrel with the tube on it through a die, 
and afterwards stripping the tube from the mandrel. 

The diameter of the die is so related to the diameter of the 
mandrel, that when the tube is passed through it on the mandrel it 
not only forces the tube down tightly oil to the mandrel, but 
materially reduces the thickness of the tube wall also. 

This displacement of metal lengthens the tube, so the mandrel 
must be long enough to accommodate the increase. 

The bench illustrated has a pushing power of 100 tons witli a 
pull back power of 75 tons when fed with water at 1000 lbs. 
pressure per square inch. It consists of a hydraulic cylinder IS" 
internal diameter by »5'0" long in which slides a reciprocating piston 
attached to a 9" diameter piston rod. The piston rod is attached to 
a slide at the operating end. The slide and a stay rod together form 
distance pieces supporting a drawing head. The drawing head is 
pierced with a hole sufficiently largo in diameter to allow the 
largest, tube to pass through that the bench is designed to draw. On 
the slide nearer to the hydraulic cylinder tin* head is recessed around 
the hole to accommodate the drawing die, whilst the opposite side is 
recessed in a somewhat similar manner to receive a split stripping 
die. The sliding support of the front end of the piston rod has a 
mandrel holder, which can revolve in a horizontal plane around a 
centre pin. This holder is bored to accommodate the shanks of tin* 
mandrels, which are all t urned to a standard size and slotted to take 
a standard key. The beuch is controlled by a balanced hydraulic 
reversing valve. 

When the bench is in operation a mandrel is fitted to the holder 
and keyed in. The sibling holder is drawn back as far as necessary. 
A similar die is fitted to the drawing head. 

The mandrel is first swung out of line with the centre of the 
bench, and a Tube is threaded on to it. It is then swung hack into 
line and locked on a sliding support. The bench is then operated 
In n forward direction, and the Tube end brought up to the die. 
The operator being satisfied that the end of the Tube has properly 



96 


THE INSTITUTION OF ENGINEERS (INDIA). 


entered the die, increases the speed of the bench and pushes the 
Tills* right through the die, and through the bench enj). Tin* Tube 
on the mandrel having passed about a foot beyond tin* outer side of 
the drawing head, the bench is stopped. A stripping die, consisting 
of two semi-circular sections which are a sliding lit on the mandrel 
is dropped into place, and tin* bench is reversed. As the mandrel is 
withdrawn from the Tube, the latter falls on the outer side of the 
bench, oil to an inclined plane and is rolled away, leaving the space 
free for tin* next Tube to come. This operation has increased tin* 
length of the shell by about Mo %, reduced the thickness by about 
2i>% and reduced the internal and external diameter. The Tubes 
are now hard, and must again be annealed and pickled before 
receiving another draw. If tin* Tubes are large they will receive the 
second draw on the hydraulic bench, in which case the shoulder 
already on the Tube can be used for the second pass. 

If tin* Tubes are comparatively small, say below 2" internal 
diameter, they will recehe the second draw on a chain bench. The 
shoulder must be cut away and a new one formed ere this can be 
done. 

Refore proceeding to describe drawing on chain benches, the 
production of Grass Shells will be dealt with. As most Grass Shells 
are broken down on chain benches, the one description will then 
sulTice for both Copper and Grass. 

Grass Shells are made by casting the molten metal around a 
sand core, in an iron chill. Two types of moulds are used, known 
respectively as split moulds and cannon moulds. The split moulds 
are so called because they consist of two semicircular longitudinal 
sections held together by cramps when in use. The joints are care 
fully machined to ensure a good tit, collars are fitted top and bottom 
to carry the core. The metal is poured down an inclined spout 
which is cast on to back half of the mould. 

Cannon moulds are, as the name implies, hollow cylinders. 
They are fitted at the bottom with a recessed collar to carry the 
lower end of the core, the latter being held at the top by a ring 
fitted with M wings to allow the metal to pass round the core during 
the pouring operation. The inside surfaces of the moulds are 
dressed with a mixture of oil and charcoal when prepared for 
casting. 

• Grass melting for Tubes is almost universally carried out in 
coke tired [tit furnaces using crucibles of various capacities from 120 
lbs. to MOO lbs. The casting operation is the most important of all 
operations in the Brass trade, for on the soundness of the billet 
depends the quality and suitability of the finished product. Yet it 
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its the operation wliicli calls most for individual (skill and knowledge, 
and i« least, amenable to control by mccliani<*al or other non- 
personal nutans. It depends almost entirely upon tin* skill of the 
caster as to whether sound billets are produced or not, for if the 
mot ill is too hot or too cold, or if it is poured too fast or too slowly, 
defective castings result. The fact that present day pit furnaces 
are substantially tin* saint* as those in use .“>0 or more years ago is 
not due to lack ol desire on lIn* part of manufacturers to improve 
them, but because improvement lias not been found practicable. 
The introduction of Tilting Furnaces* and the advent of Electric 
Melting Furnaces has greatly improved the procedure of casting 
slabs, strips and billets, blit successful achievement 1ms yet in be 
recorded in (he manipulation of tin* latter Furnaces so that the 
delicate operation of I!raws Shell Fasting can be said to be possible 
by their aid. 


The procedure for casting ]trass Shells is as follows 


The various components of the alloy are weighed out in suitable 
<|iiantitios and loaded into iron pans. Each pan contains a charge 
for one crucible. The copper is iirst put into the crucible, and 
melted under charcoal. A handful of salt is thrown in to tlux the 
copper oxide. Any Scrap that may form part of the charge is next 
added, and when this is thoroughly melted and stirred in the zinc 
is added also. As. the zinc has a lower specitie gra\itv than 
copper, it tends to float on the top of the charge. Constant stirring 
must therefore be maintained to prevent undue losses by evapora¬ 
tion of zinc, and also to ensure a» homogeneous mixture. Tin* addi¬ 
tion of the zinc causes a considerable reduction in the temperature 
of the charge. The metal must therefore be allowed to remain in 
the furnace a short period to raise tin* temperature to pouring heat. 


immediately tin* castings are solid they are withdrawn. Owing 
to the formation of a thin layer of carbon between the face of the 
casting and the mould, the casting can be readily lifted out. Im¬ 
mediately it comes in contact with the air the layer of carbon burns 
off, leaving the surface perfectly clean. The castings are allowed 
to cool, and then the core bars are knocked out and the sand re¬ 
moved with a scraper and a wire brush. 


The castings are now known as Brass Shells. They should he 
smooth and clean inside and outside, and ready for breaking down 
after a preliminary annealing and pickling. This preliminary 
annealing is not carried out in all factories. The author considers 
it an important operation, a-s it normalises the crystal structure of 
the metal before mechanical work is put upon it. 
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It is the practice in the case of Shells for Condenser Tubes for 
(lie British Admiralty to bore and turn them before tlje tirst drawing 
operation. This practice is also being adopted to an increasing ex¬ 
tent by the Advisory Engineers of the large Steamship Companies 
and some of the Engineers of laud power plants for their Condenser 
Tubes. The longer life and greater frets loin from corrosion of the 
resulting Tubes being considered to Ik* well worth the small extra 
cost entailed. A large numlier of Hailway Companies also have the 
Shells for making their Locomotive Tubes bored before tins tirst 
drawing operation is put upon them: 

Brass Shells are generally broken down on chain benches. 
From this point the ojieration of drawing Brass Tubes is similar to 
that for Copper Tubes which have left the hydraulic benches. 

A chain bench consists of a shallow channel-shaped bed with a 
broad track on either side, usually made of cast-iron, and support¬ 
ed on cast-iron legs. At the driving end of the bench a sprocket 
wheel is fitted, over which an endless chain passes. This sprocket 
wins 1 ! is connected with suitable gearing for driving. At the other 
end of the bench is a drum to carry the chain. It runs in bearings 
which are carried on slides at either side of the bench ami which 
can be adjusted by tension screws to keep the chain at a proper 
tension. At the end of the bench, opposite to the pulling gear, 
brackets are fitted to support, the die. The chain runs in the channel 
of the bench, and a pulling dog runs over the chain, supported on 
four whirls which run on the track on either side of the chain. One 
end of the dog is fitted with pliers to grasp the end of the mandrel, 
the other end is fitted with teeth to engage in the chain. These 
teeth are fixed in a counterbalanced hinged arm which lifts in a 
vertical direction, so that the teeth are automatically lifted clear 
of' the chain when disengaged. 

The mandrel for use on a chain liencli is a round bar of steel 
reduced in diameter at both ends. The ends are slotted or headed 
for the purpose of engaging with the pliers of the drawing (log. A 
small turntable is placed on the floor immediately in front of the 
draw bench, fu support the mandrel when the Tufa* is being (hrended 
on to if, and to swing it round when reversing for flu* withdrawing 
ope rat ion. 

’V\w* d\e \s w vayvuV.w ov \\exvY£ov\a>\ oi steel pierced vnV\v v\ 

round \vn\e. The hole is recessed conically to act as a lead for the 
Tube. Tin* pulling off die is usually of brass. Tin* bole in the latter 
is not recessed. This die must' he a good sliding fit oil to the 
mandrel to prevent the possibility of the Tube being drawn into it 
and bursting it. instead of stripping from the bar. 
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The operation on a chain bench differs from that on a- hydraulic 
bench, because the chain bench is not reversible. 

The Tills* is first shouldered. Tt is then threaded over the 
mandrel bar. The shouldering must be such as to allow for the 
leading end of the mandrel to pass freely through tin* reduced por¬ 
tion of the Tube, but the reduction must be sullicient to tightly 
engage with the shoulder of the mandrel, otherwise the mandrel 
will be drawn through the Tube when the drawing operation begins. 
When the Tube is threaded on to the mandrel, the leading end of the 
latter is passed through the die, and is seemed to the drawing dog. 
The teeth of the drawing dog are then allowed to engage with the 
draw chain which is constantly travelling along the bench. The 
tube is thus drawn on to tile mandrel. 

As the teeth of the drawing dog arc held in the chain by tension 
the dog is released immediately the tube is through the die, owing 
to the tension being relaxed. The bench operator displaces the 
drawing die, immediately pulls back the mandrel with the tube on 
it on to the turntable in front, of the bench, swings tin* mandrel 
round, puts in position the stripping die, and pushes the reverse end 
of the mandrel through the same. Meanwhile, the dog has been 
returned to the front end of the bench. The reverse end of the 
mandrel is now secured into the dog and the teeth of the latter 
engaged with the bench chain. The mandrel is thus drawn out of 
the tube, completing the cycle of operations. 

After being drawn tiie tube is again annealed and pickled. 

Annealing is carried out in dosed type furnaces so designed 
that, the products of combustion cannot come in contact with the 
metal which is being heated. 

Whilst this type of furnace involves greater fuel consumption 
than open or inflame furnaces, the extra cost is otlsot by the im¬ 
provement in tin* ipiality of the material Irealed. It is possible to 
maintain a. far more even temperature. There is no possibility of 
local overheating or burning due to contact with flame. Oxidation 
and scaling is reduced to a minimum, and as regards ltrass, red 
staining due to furnace gases is eliminated. 

When annealed the tubes are withdrawn on to waggons and 
a Wowed to cool, if of Wuvss, but tubes of Eopper are quenched in 
water immediately on withdrawal from the furnace. When cold 
they are placed in a bath of dilute sulphuric ;i<'i<l, and allowed to 
remain there until all scale has been dissolved from the surface. 
This occupies from 5 to 15 minutes. They are then plunged into a 
tank of (*|eau water to remove tin* acid, withdrawn ami allowed to 
dry. 
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The tubes are now ready for a further cold drawing operation. 

The operation of drawing, annealing, pickling are repeated 
several times until a tube of the desired length, diameter, and thick¬ 
ness is obtained. 

The shoulder or collar can generally lx- used for two successive 
drawing operations. It is then cut away and a new shoulder 
formed. 

When finished tubes have been cut to length they are straighten¬ 
ed and then subjected to an internal hydraulic test of a pressure 
commensurate with the thickness and diameter of the tube, but 
always four or more times the working pressure for which the tube 
is suitable. 

An alternative method to mandrel drawing is the process known 
as plug drawing. In this process the mandrel is not drawn through 
the die with the tube upon it, but the tube is drawn over the 
mandrel when being pulled through the die. Instead of the long 
bar previously described the mandrel for plug drawing is 
a short piece of round steel-termed a plug -of the internal 
diameter of the* tube. It is screwed on or otherwise attached to a 
bar of a smaller diameter of a length of 1.1 or 20 feel. 

To the ordinary drawing bench an extension piece is attached 
approximating to the length of the bench itself. At the end of the 
extension piece farthest from the die a pair of brackets and a plate 
somewhat similar to the die plate are provided. 

Through a slot or a hole in this plate is passed the end of the 
bar carrying the plug. It is prevented from being drawn forward 
by a washer, and an adjustable nut to aeeommodale the latter is 
screwed for a length of six inches or more. 

The overall length of the bar and plug must be such that when 
in position and properly adjusted the plug just enters the die on tin* 
drawbench. The slot or hole in the back plate must Ik* such that 
the bar can readily slide backward through il. 

The operation of plug drawing consists of first swaging down 
the end of the tube for a length of about six inches to a diameter 
that will freely pass through the die. The tube is (lien threaded over 
the plug and along the bar. To facilitate this the plugging bar is 
pushed backward a short distance through the back plate. After 
ihe tube is pushed home over the plug the swaged end is passed 
through the die until the shoulder engages with it. 
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The bench dog is provided with suitable pliers, which, seizing 
the swaged end of the lube, draw it over the plug and through the 
die. When the tube has passed completely through the die the dogds 
automatically released from the chain, the tube rolls off the bench 
and the dog is drawn back to the front end of the bench by an 
automatic return device. 


l*.y this method ot drawing there is no time lost in stripping tin* 
tube from the mandrel, consequently quicker passes can lie made. 
The ta-gged end increases the amount of scrap. 

The process is chiefly used for thin and small sizes and for tubes 
which must be parallel inside. 

Another method of drawing is known as hollow sinking. This 
process consists in merely drawing a tube through a die, without 
using a mandrel or plug to reduce the thickness. 

Ry this operation the tube is made longer and smaller in diamc 
ter but the thickness is increased. It is only applicable to copper 
tubes as brass tubes drawn in this manner are rendered liable to 
season (-racking. 


This method is used chiefly for the production of long copper 
tubes for heating (-oils or for refrigerator. The latter require very 
long lengths, 50 feet each is quite a frequent demand, whilst tubes 
of SO feet are at limes requisitioned. 


The tubes which are to day receiving most attention from Metal¬ 
lurgists and Engineers are solid drawn lubes for surface condensers 
for Marine Engines Electrical Dower Stations and tin* tike. 


For many years the British Admiralty have issued a specifica¬ 
tion governing the manufacture of condenser tubes for the Navy. 
From time to time this specification lias been modi tied until it is 
now by far the strictest specification issued to govern flu* mamifac 
ture of auy tubes. The necessity for moeling this specification 
has resulted in the perfecting of devices for producing shells free 
from blow holes and other defects, the intioduclion of machines for 
boring and turning the shells before they arc drawn, special 
furnaces for annealing, improvements in flu* qiialily of steel used 
for dies and mandrels, and particularly in the means adopted 
for preventing dies ov mandrels marking the tubes on the inside or 
outside. What the author believes to lie the first large closed type 
annealing furnace used in the non-ferrous tube trade was intro¬ 
duced for the purpose of improving the quality and tinisli of Ad¬ 
miralty condenser tubes, and the lirst ground and polished man 
drels were URed for the same purpose. Reamers for removing the 
sharp edges'and burrs on the ends of tubes after ml ting and before 
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further drawing and devices for drying, cleaning and sighting in¬ 
ternally, have all bepri developed as the result of the Efforts Which 
have been concentrated on making these tubes as near perfect as 
humanly possible. 

The Admiralty specilication demands that the following tests 
shall be applied by their Inspectors to every condenser tube before 
acceptance :— 

Testing to 1,00011)8.* per square inch by hydraulic pressure, the 
tubes being jarred or hammered with mallets whilst the pressure is 
maintained. Tried with gauges to prove the external and internal 
diameters, the thickness, and the concentricity. Hammered on the 
ends with a mallet whilst held loosely in the hand. Dropped oil a 
hard wooden floor. Flattened at (‘ither end to r>/10” diameter 
without cracking. In connection with this test, tin* tube must yet 
be hard enough to stand screwing up tightly with taper grumets in 
the glands of the condenser without collapsing. After the tubes 
are so screwed up a gauge is inserted in each end to test for collapse. 

Examined on the outside for surface defects. Sighted for in¬ 
ternal defects whilst lying on a suitable table, and with the aid of 
electric light so arranged that parallel rays can pass through the 
tube. 

Tubes which successfully pass all these* tests are grouped in 
parcels of a hundred. 

Two from each hundred are selected at random, and the ends 
arc* heated to redness. If one tills* splits the whole hundred are re¬ 
jected. 

If the two tubes pass this test they are then cut open si ml 
examined internally. If one shows internal defects, two others are 
taken and tested in like manner. Should one of these latter fail 
then the parcel is rejected. 

Rejection of 20 per cent, of tin* parcels entails the rejection of 
tin* whole quantity under survey. 

In connection with the sighting test, tubes set aside are kept 
apart from other rejects and 20 per cent, are cut open to examine 
the nature of the defects which, have caused them to tie thrown out. 

Tests such as these, rigidly enforced, necessitate the greatest 
accuracy and care in manufacture, otherwise the rejections are 
ruinous. 

The various tests as they have been added to the specification 
from time to time have brought forth the various improvements in 
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process necessary to meet them. The flattening test caused the in¬ 
troduction of the closed furnace as only perfect regularity in anneal¬ 
ing will give the test with certainty. 


The sighting test necessitated improvements in mandrels both in 
perfection of surface and accuracy of diameter. The author can 
remember when a turned mandrel, lapped and polished would only 
draw 500 to 1,000 tubes before being worn out. To-day i! is not 
unusual for a mandrel to draw 10,000 tubes before being discarded, 
and be it remembered, its life is limited to wearing down 5/1,000 
of an inch from the original diameter. 


A mandrel for making Admiralty -tubes is something of an 
engineering achievement. A full length bar has a working length 
of HO feet, a diameter of ’525 inch at one end, with a gradual taper 
to 520 at the other end. It must be perfectly round and straight, 
free from I he slightest kink, with a surface like a mirror and a skin 
that is glass hard, yet it must be flexible and very tough, otherwise 
it would quickly snap. 


Although grinding has been a recognised method of preparing 
bars of act urate diameter for many years, it is onl,) of recent date 
that a machine has been perfected that can grind small diameter 
bars 20 feet long sufficiently accurate to meet the requirements of 
such a tube mandrel, and even to-day there is no machine which will 
grind and finish a bar good enough. The final tapering has to he 
done by hand, and by buffing on a polishing machine. 


It is all to the good, that many of (he improvements in 
manufacturing practice, originally applied to Admiralty condenser 
lubes, have gradually been added to the means for producing 
(he ordinary commercial lubes. Casting improvements and 
improved annealing furnaces are features which may he specially 
referred to. As previously mentioned, all classes of tubes 
now have their annealing temperatures checked and regulated 
by flu* aid of recording pyrometers. It is no longer a matter 
depending on the judgment of the annealer as to whether the 
tubes are hot enough or whether they have been maintained at 
a particular temperature for a sufficient time. Tile pyrometer 
answers all these questions accurately and unfailingly. The 
sighting table has revealed the possibility of intcnal defects 
being caused by small bits of brass .dust and other extraneous 
matter getting into the tubes. The use of reamers for removing 
burrs, brushing- out devices, etc., lias developed as a consequence. 
Only a decade ago a sighting table was something of a curiosity 
found only in the examination rooms; today sighting devices are 
placed in various convenient positions in the Mills, and are used 
to examine^ie inside surfaces of tubes at all stages of manufacture. 
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About a year ago my Gompauy was entrusted with tlie work 
rr lubing the condensers of IheT/S.S. “City of Pooga." All 
lubes apparently gave oul suddenly ou a voyage from London 
('ab ulia, after being cleaned by some process or another. 


of 

the 

to 


The corrosion of condenser tubes has been studied in detail for 
some years and extended investigations have been made by tin* 
Corrosion Research (Nun m it tee of tin* Institute of Metals. 
Primarily it is a chemical problem and therefore concerns the 
chemists and metallurgists rather than the Engineer. 


It is difficult for the Engineer, who is directly engaged in in¬ 
dustry, to keep in touch with the advances that are being made bv 
the metallurgist lo-.Ia\. Until recently the importance of I In* sub 
ject was not sufficiently recognized. To-day tin* progressive (level 
opricnf of the metal industry compels attention. There is an ever¬ 
growing appreciation of the great advantages offered by the use of 
non-ferrous alloys containing nickel and copper and the demand 
grows more* and more each year. 


Nickel has a decolorising power greater than any base metal in 
common use, and produces bright silver like alloys from metals 
such as copper and brass. One part of nickel will completely 
decolorise, three parts of copper. The A UrUcl Addition increases 
the strength and tin* resistance to corrosion. 

It has been found that one of the chief factors in accelerating 
the corrosion of condenser tubes is the high vacua and higher water 
speeds particular in turbine plants. Another cause is the impure 
river waters and salt water used ashore and afloat. Uupro Nickel 
condenser tubes have given results which are not to be obtained 
with any other alloy. 

Cupro Nickel is a comparatively new alloy in the non-ferrous 
group, and is one of the most interesting and valuable alloys of 
nickel which has been successfully used in tin* form of tubes for 
condenser tubes, locomotive tubes and for other purposes where a 
metal resistive* to corrosive attack is desired. 

Cupro Nickel is an alloy entirely free from zinc and is the 
least, corrosive commercial alloy for Goudcnser Tubes. It is the 
best possible material that can be used where very bad working 
conditions have to be met. 

Two or three* years ago brass, in its various compositions, was 
practically the only material for condenser tubes on account of 
its durability, heat conductivity and cheapness. To-day brass is 
being substituted by Gupro Nickel. 
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Nickel lias been mamifaduied in Hie torui uf died 

metal to] fi' limnbci ol \cars, but it is onh since the termination 

of tin* war that menus .have been ton ml for success) nll\ mainline 

tnriiif»' the metal into tubes. It resembles Nickel in appearance, 

Dikes a high polish, iiml it is not easy to distinguish it from Nickel 
bv casual observation. 


The growing demand for Cupro Nickel is diiclh because of its 
natural strength and hardness and ils high resistance io the action 
of temperatures above the normal such as superheated steam and 
to corrosion. 

There arc various grades of the allo\. the principal ones being 
as follows : — 


Copper, I} /, Nickel and DO ,, Copper and II)".; Nickel. 
(Doth of wJiieli are used for making Joeomoii\e boiler via vs). Eor 
locomoti\e tubes t lit* alloys DK-2 and 1C* b aie in general use. Eor 
eondenser tubes alloys of Do b, DU 10. Sb lb and SO 20 are made. 

In the C. S. Navy they use 00 ill for eondenser lubes and for 
feed water heater lubes I lie nickel ronlcnf is lb";,. 


Cupro Nickel alloys are not subject to conosion or season 
cracking as are tiie. brasses and bronzes. Nickel has a pmtcdhe 
died upon copper in proportion direct l\ ruining with the amount 
of nickel in the alloy, but it. also lias the e|le»-i ol increasing the 
dillieulty of umnipiihiling. broadly speaking, in the same proper 
lion. 


As a consequence the alloys available lor one purpose may not 
lie asailable for another purpose, owing to Ihe dillimlties of 
manufacture. This diffieulD of manufacture obviously increases 
the cost of iiroduetiou, so that alloys of a higher content of nickel 
cost considerably more I han I host* with I be lower content, the 
difference being much greater than would be indicated b\ Ihe price 
of the raw* material. 

lu dealing with Ihe application of these alloys, Ihe slay bars 
made of DN/2 alloy base a higher tensile strength Ilian ordinary 
copper with an equal ductility and a greater resistance to the attack 
of corrosive water in the boiler. The DO 10 quality stays hTive a 
much {/renter resistin' paircr to corrosive wafer, their tensile 
strength is much higher, and yet the ductility remains at a high 
factor. Stays made with this material can be bent double cold, 
after screwing. This is a test which can only be made with great 
difficulty' even by soft copper rods. The beads of stays made of this 
metal do not burn off inside the firebox, 
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Ouo of the characteristics of this metal (00/10) is its high teusils 
strength at temperatures above the normal. This is •illustrated in 
the test sheet herewith. Particular attention is drawn to the 
elastic limit at high temperature. Take, for instance, the tempera¬ 
ture at .‘100 c. which is equivalent to boiling point of water at about 
UOOlbs. pressure per square inch (the highest pressure used by 
locomotives). Jt will be observed that at this temperature the 
elastic limit of copper stays falls by 50% whilst the elastic limit of 
Cupro Nickel falls only 0 or 7%. Furthermore, the actual elastic 
limit in tons per square inch is many times higher than copper. 


Roller tubes of 98/2 Cupro Nickel have been in use for 25 to 50 
years on many railways. They have shown great advantage over 
copper and brass in areas where bad water conditions cause pitting 
and corrosion to the latter metals. There are areas out in South 
America where this metal is giving satisfaction under conditions 
where neither steel, brass or copper can be successfully used owing 
to the saline qualities of the water. The 95, 5 quality of Cupro 
Nickel boiler tubes are being used in areas where conditions are 
extremely bad, the increased content of nickel proving serviceable 
in rendering the tubes yet more resistive than the OS/2 quality. 


I would point out that Cupro Nickel, particularly NO/20 quality, 
is a highly ornamental metal and can be used for such purposes as 
curtain rods, towel rails, ships' hand rails and hand rails m power 
stations and ships generally. It is a silver white metal, very slow 
to tarnish, and is being used in quite a number of cases in connection 
with nickel-silver liftings for bathrooms, lavatories, etc. 

In conclusion, I wish to acknowledge with thanks the assistance 
T have received from .Mr. <}. II. Whiteman and Mr. A. Spittle in the 
preparation of this paper and Messrs. Allen Everitts for the courtesy 
extended in allowing me to go over their Works. 
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11” dia. x 2'-0” LENGTHS. YIELDS TAKEN OVER 16i" GAUGE LENGTH. 
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NOTE ON THE RIVERS OF BENGAL 

BY 

(' • ADD AMS WILLIAMS (Member). 


I’KINUPAL KIYFKS. 

The Province of JSengul as now ( .mslituted is .supplied for the 
most pari with water derived from sources without its boundaries. 
The t liree principal rivers are the (binges, lirnlimapnl ra ami Meghna, 
alJ ol wliieli <*i»t«*r the I’av ot JSengul through a common estuary at 
tin* eastern end of the della and known as the ,Megimu«estmiry : the 
supply in Iliese ri\ers is supplemented by water brought down by 
smaller rivers from the llimalaxas on the north or the (diota 
Xuj>pore hills on I he west : of I la 1 tidal volume of water supplied by 
1 la* river system as a whole, onh a fraction passes to the sea through 
the spill channels which traverse the delta, such as the llooghly, 
Jaboona, tJorai and t rial Khan : in the eastern portion of the delta 
beyond Khulna a lar.se amount of water, however, spills freely over 
t he land and is to a I arse extent discharsed into the sea by an' 
entirely different group of rivers to those from which spill takes 
place: I liese ri\ers lane t heir orisin at the southern Jrinse of tin* 
bhil area in the lat it tide of Fa leu I la. 

O IMPOSITION OF Till: OKKTA. 

The delta of the (hinges and l.rahmapu! ra commences at 
Kajmahnl and extends lo the eastern hoiindan of the Province. 
The ri\eis never attain resime. Vast ipiantities of finely divided 
material are transported by them every year in the Hood season of 
which a large portion is utilised in delta buildins in inland tracts, 
North of the latitude of Calcutta the soil will be found to be com¬ 
prised of a ver\ line grey micaeious sand with a small proportion of 
silt, but in the tidal area the character of the soil changes to a< stiff 
blue elav. These deposits overlie deposits of an older age which 
comprise layers of yellow clay and sand. Tin* outcrop will he found 
along <he edge of tin* present delta and the strata dip down under 
the more recent deposits : along the llooghly they will he found at a. 
depth of CO to 100 feet below the surface : north of the (langes they 
appear on the surface in the Knjshahi Division and on the east are 
marked by the Madhupore jungle : there also appears to he an out¬ 
lier at Kiishtia. The clay strata are particularly har<l and compact: 
the sand is very coarse and full of sweet water. It" would appear 
therefore that an old delta must have existed at: some t ime in the 
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jmst which has been depressed and that the present delta, has been 
laid down on top of it. The newer strata, except ii* the tidal area., 
are devoid of compactness and tin* liner particles are <%sily tran¬ 
sported by the wind. It can therefore be easily understood that 
rivers traversing such soil frequently change their courses due to 
erosion or concentrated spill. 


.MAJOR ('MANORS IN THE RIVER SYSTEM : GANGES. 


A few of ti»e major changes in the river system may be men¬ 
tioned. lr is well known that the Manges used to flow for the most 
part along the western and central portions of the delta through the 
Rhagirathi and lJhairab and their offshoots: at some time not 
definitely ascertained this river lorsook its old course for a south¬ 
easterly one, und now passes to the sea vid Ooalundo : there is 
nothing on record to show that this change was the outcome of any¬ 
thing e.vcejd normal deltaic action. Deltaic rivers not only extend 
their deltas towards the sea but also inland : due to the lengthening 
of their courses they have to rise to a higher level at the heads of the 
deltas in order to generate sufficient fall to counterbalance the 
additional length. The level of the water must, therefore rise at 
the point of entry to the delta, thus creating a fresh water spill 
which raises the land by silt deposits : as the levels rise as time goes 
on the area subject, to fresh water spill must necessarily extend 
more and more inland from the original head of the delta and a 
heaping up of the deposits must take place until the time arrives 
when the river breaks through into lower ground along the margin 
of the delta. When water from a river is released by a comparative¬ 
ly sudden avulsion the level is reduced, with the result' that the 
older channels are deprived of water and in eonsequenee deteriorate : 
at the present day the main course of the Ganges runs along the 
northern fringe of the delta in full vigour whereas the 1‘lmgirallii 
has deteriorate.! considerably and the Hhairah is extinct for the 
gieater portion of its course. 


EFFECT ORTHLS CHANGE ON THE SPILL KIVEKS : 


BHAG1RATHI. 


Now’ let us trace the effects of this major change a little further : 
the Bhagirathi in the days of its activity poured its waters into the 
Bay of Bengal through several mouths. At Nowserai (Tribenighat) 
the river divided into three streams : the Saraswati on the w T est, 
which can still be traced through the Hooghly and Howrah dis¬ 
tricts, to the point at which it enters the Hooghly at Sank rail at the 
western end of Garden Reach : this branch is believed to have seat 
” offshoot ‘ he direction of Ampta but the exact course is not 
''Highly, or central branch, which after reach- 
° sea through the Adi Ganga or Tolly’s 
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Nalu : the course of this old river ran Mill lx- traced to Garia, 
Baruipore and Jayuagar; and the Jaboona, or eastern branch, which 
after passing in a more or less easterly direction to Tibbi, turned 
southwards through the central Stmderlmns to the sea : this branch 
of the river undoubtedly was responsible for the formation of the 
Matla estuary because it threw off a branch close to Itasirhat, known 
as the Bidyadhari, which after a circuitous course enters the Matla 
at Port Canning. 


IfJIAIKAiL 

In the ease ol‘ the Bhairab, the head reaches are still active from 
the offtake from the Ganges to where the river joins the Jalangi : 
below this junction me river, with the exception of a few miles near 
Khulna, is dead, together with its offshoots the Kodla, Betna, 
Kobadak, ithudder, Llarihar and Mukteswari: to the north of the 
Hhairab there are other dead mors which were probably dependant 
on the Bhairab for their supply, such as the Chitra and Nabaganga. 

i 

The Bhairab which in Vans "The Terrible,” was a larger river 
than the Blmgirathi. The former with its spill channels distributed 
its water over a much larger area of the delta, and there appears 
therefore to be little doubt that the Hhairab was the more important 
of the two. 


TISTA. 

Turning to the case of the Tista river: in 1770 this river, which 
issues from the Himalayas close to Siliguri, is shown as passing due 
south through the .Jalpaiguri, Diuajpur and Kajshahi districts more 
or less along the present course of the Atrai : it is, however, known 
that this river previously traversed the countrv south of the hills 
ill a south-easterly direction on much the same course it now 
follows : whether the Tista followed tlu* Atrai course before the 
Gauges broke through to Goalumlo or not is not known : if so, it is 
not. clear in what direction it ilowed to the sea : it may have skirted 
tin* northern fringe of the Gangetic delta. In any case, for a con¬ 
siderable period prior to 1770 it must have discharged its waters 
into the Jamuua to the south of Serajgangc, passing over the 
country now occupied by the (Mialan hltil. 

Owing to a very large flood the river hurst the left bank a tew 
miles above Jalpaiguri in 1787, due it is said to the enormous volume 
of sand carried down by the flood which choked the bed of the river. 
As a result of this irruption the Tista reverted to its old bed and 
resumed its flow into the Brahmaputra. At the present day it con 
tinues to follow this course tapping many of the rivers emanating 
from the hills on its northern hank: enquiries show, however, that 
no Overflow now takes place over the right bank. All rivers lyiug 
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between the Tista and the Hauges now discharge no water from (lie 
hills and are deteriorating in consequence. 

EKA1IMA1MTKA. 

Tile next major change was that of the Erahmaputra, when this 
river left its Mymensingh course and breaking through the Jenai, 
joined the Ganges at (loalundo. This change was probably the out 
come of the diversion of the Tista. The Hood water of the latter 
river, as already stated, used to discharge into the Jannum at Hera : 
at this time there was a connexion between tin* Jamunn and Hie 
Eramaputra through llie.Jenai : as a result of the diversion of the 
Tista the quantity of water (Mitering the damuna was decreased aud 
more water was poured into the Erahmaputra, so that the slope 
through the.l(Miai must have been steepened with the result that the 
Erahmaputra took the least line of resistance and the shortest course 
to the sea : this change* appears to have begun about the end of the 
IKth century aud to haw* been a comparatiwdy slow one at first : 
there is, however, evidence to show that the waters of the (lunges 
were dammed back by those of the Eruhmuputra between ISIS aud 
JSTi, with the result that the (binges threatened to change course 
down the Gorai and Madhumati. The latter river came into 
existenecent this (ime; in ISIS it was a small khal, called tin* 
Elankhali Khal, whereas in 1S.T! it was sou yards wide. 

KIKT1XASA. 

Shortly after these changes the combined waters of tin* (binges 
aud Erahmaputra broke through the narrow' neck of laud separating 
them from the Meghna : prior to I his the (binges flowed into the Hay 
of Hengal near the mouth of the Meghna passing close to Madaripur 
and (lournadi : flu* change in the course of the Erahmaputra must 
have decreased the supply of water in the .Meghna and increased that 
of the (binges so that the difference in levels across the neck must 
have increased. A small khal, < ailed the Kirfinasa, appears to have 
afforded a means of passage and the river broke through and joined 
flu* Meghna near Ghandpore, forsaking the Madaripur bed, which is 
now fed by a few small spill channels. If is stated that the con¬ 
necting link between the old and new courses was three to four miles 
wide in 1N40 : there is a record to show that in 1 SdS the (binges was 
fordable above Goalundo, which is put down to the increase in the 
volume of wafer passing down the ("lorai. The pressure at this point 
appears, however, to have been relieved by the irruption which 
opened the Kirtinasa connexion. 

MYNAGOTTA 1024. 

The rapidity with which these deltaic rivers can change their 
courses will he grasped by the following example which took place 
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last year : the Myuaeotta and l’rial Klmn rivers between the Padma 
and Madaripur, which flow to a large extent through the land formed 
after the Ganges left the Madaripur course/ completely changed 
their courses: the offtake of the Myuaeotta from the Padma is 
seldom at the same spot for two years in succession, hut the central 
and lower reaches have been comparatively steady for some time 
‘ up to last year. The river in 1922 was comparatively straight below 
Rerhamgange : in 11123 the Sarsa Klml began to open : in 1021 this 
klial became the main river cutting off a large loop of the Urial 
khan : probably in sympathy with this shortening of the length the 
river has formed into a series of long S curves above the khal, and 
in all, about 25 miles have so completely changed course that it is 
hardly possible to recognise the older channel. 


EFFECT OF THESE 


CHANGES. 


The effect of all these changes has been that the river system at 
the present day is totally different to that of even U centuries ago. 
The obi delta builders which used to flow in a southerly or south 
easterly direction have for the most part been severed from the 
parent stream and there are in consequence large tracts of country 
which are cut off from a fresh water supply. 


NEW RIVERS. 


One of the results of these changes has been that new rivers 
have formed: the dalangi opened about 100 years ago : originally 
it had a common head with tin* Matabhanga and flowing to the 
south west crossed the Hhairab almost at a right angle, carrying a 
supply of water from the Ganges to tin* lthagirathi at Nadia : in 
recent years the head has closed due to encroachment by the Ganges 
which caused the Matabhanga to open an independent intake. The 
central and lower reaches of the -Talaugi are now fed through the 
upper reaches of the Hhairab. which reopened when the supply 
from the upper Jalangi was cut off*. 


Portions of the Matabhanga are also new and are believed to 
have formed only 1(10 years ago. This river bifurcates into two, 
one stream passing by the (Miami into the Hooghly and the other 
supplying the Tehamati and lower Jahoona with water. The ease 
of the Madlminati has already been cited : an offshoot, of this river 
to the north east of Khulna has opened in comparatively recent 
times and is called the At.tarabanka or eighteen bends. The case 
of the Dlmleswari in the Mymensingh District is different: this river 
was a spill channel of the Ganges and some think was the main 
Ganges itself at one time : the Brahmaputra cat across this river 
and has appropriated it as one of its spill channels : the head of 
the Dhnleswari has in consequence moved many miles to the north 
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and the intakt! at the present day is opposite Serajgange near 
Porabari. 

DAMODAK. 

The only other major change which need be mentioned is that 
of the Damodar which rises in tin* Cliota Nagpur hills. This river 
probably at one time discharged directly into the Jtay of Frugal 
at some point above Calcutta and also probably contributed to the 
formation of the old delta : when the Ganges tilled in the Day in 
this vicinity, the Damodar began to throw down an independent 
interior delta of its own, the apex of which is now situated about 
20 miles to the west of the town of Durdwan ; but it is quite clear 
from an examination of the subsoil that the apex has not been for 
many years in its present position, because the depth of new 
alluvium is only 0 or 7 feet: the apex has beam forced at an 
abnormal rate further upstream by (be hand of man by (la* erection 
of embankments. The left bank is now strongly held and the ri\cr 
is forced to continue its delta building functions along the right 
bank only, where tin* embankments were removed some fio years 
ago : about the year 1770 the Damodar burst its right bank near 
Selimnbud and following the (Jnshkaru khal opened a mouth into 
the Ilooghly at Falla, and it is practically certain that the head of 
the delta was close to Selimabad at that time. This change caused 
the deterioration of the Kuna Nadi, the principal channel connec ting 
tin* Damodar with the Ilooghly. The head was finally closed at 
Selimabad by the continuation of the embankment across it in 
IXtifi. There was also a spill channel of the Damodar called tin* 
Kami Damodar which left the parent stream close* to the head of 
the Kami Nadi and entered the Ilooghly near Flubefia. It is 
probable that this river also expired as a result of the Damodar 
breaking away to the south. 

This change in the Damodar probably <1 id good to the Ilooghly 
as although tin* river lias contracted at and above Calcutta, it is 
not now called upoti to dispose of the coarse sand brought in by 
the Damodar: on the other hand complications have arisen in the 
Falta Ilooghly Point reach as shown by the abnormality in the 
vicinity of the .James and Mary Shoal. 


SILT DISTltlDUTION AND ADVANCE OF THE DELTA FACE. 


Tt will be understood that all the changes that have been 
mentioned have affected the distribution of the silt supplies brought 
down by the rivers : previous to tin* time* the Ganges changed its 
course that river must have distributed its waters fairly evenly over 
the whole of its delta and tin* presumption is that the delta face 
advanced out to sea at more or less an equal rate along the s<*a 
face: there may have been a somew hat greater advance on the 
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western side fine to the additional deposits brought in by the Chota 
Nagpur rivers, and probably on the eastern side the progress was 
slower due to the fact, that the Meghnn carries clearer water: in 
fact, the western portion of the delta is somewhat further advanced 
than the rest. Much of the silt of course never readied the sea as it 
was deposited on the laud to raise its level but when the Ganges 
went eastwards to Goalundo the majority of the silt went with it, 
and all these large rivers now discharge the major portion of their 
silt contents in the north eastern corner of the Bay: the Ilooghly 
continues in operation on the western side, still carrying a supply 
from the Cliota Nagpur hills and its own feeders from (he Ganges: 
it will be noticed that on both sides of the Bay there is a delta 
plinth and both, so far as can be seen, are gradually approaching 
one another: between (hem is a long narrow gorge as yet unfilled 
called the “Swatch of No Ground." This swatch has been assumed 
bv some to be the outcome of subsidence, but Ibis theory has, ,1 
believe, been disputed by geologists, and it seems to me that it can 
be accounted for by (he fact that the two delta plinths are filling in 
the bed of the Bay and as yet have not met, so that a deep hollow 
still remains unfilled. 

THE TIDES. 

Mention of the Swatch brings me to the question of the part 
played by (he tides on the river system. The Swatch is a regulator 
of the tides: the first of the Hood makes through it and then 
spreads, the Hood along the Gbittagong const arriving later : the 
tidal wave passes up the various rivers and in those which carry a 
large supply of upland water is damped down during the freshets, 
so that tidal action does not travel so far inland at Unit season of 
the year as in the dry season. In other rivers which discharge a 
small quantity of fresh water from local areas onl\, the tidal 
currents will be found to be the most violent of any in the delta. 

Between the Ilooghly on the west and the Bussur at Khulna, 
the daboona is the only river which carries spill water from Me 
Ganges through tin* tidal area and if is in tins area that tub 
action predominates. Brovided the tidal wave is not obstructed b> 
a sudden narrowing of the river, the high tide levels decrease as 
the wave passes up, and it therefore follows that in cases in winch 
the tides are free to spill the laud nearest the seatace must be 
higher than that further inland. The level of the land near the 
sea face is actually higher than that in the latitude of Calcutta 
where many of the filial rivers have their origin m low lands 01 
bid Is : there is for instance a large group of bhils to the north-west 
of Khulna, the supply of fresh spill water to which is cut off by the 
high banks of the old Bhairab. When the tides are running high in 
the monsoon and the bhils have filled with rainwater, a tidal spill 
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l'rom tin; smith takes place into the bliils anil is gradually re¬ 
claiming them : the tidal currents are moderately ^strong and the 
rivers run deep and are among the best in the delta: l have 
measured up to l(i5 feet of water in these rivers : soundings of 
100 feet are fairly common : many of the old fresh water delta 
builders will be found in this area and can be recognised at once 
by their tortuosity; but they are in most cases of little use as 
carriers of the tidal wave, because the wavy seeks out the least 
line of resistance and follows the shortest course : thus a network 
of comparatively straight tidal rivers will be found which have cut 
across the older delta builders and severed them into short 
lengths, which an* disappearing one by one because the tides 
passing into them at either end, form tidal meeting grounds. 
These old delta builders will not as a rule be traced below a certain 
latitude, because they have been destroyed and covered up by the 
deltaic action carried on by the tides. 

RECLAMATION. 

I now turn to the question of reclamation of the tidal areas. 
Along the sea face the laud used to be covered wilu Hunderbans 
forest right across the delta. Ah the laud became raised attempts 
were made to cultivate it : where the water in the rivers was salt, 
reclamation could not be done, except by erecting embankments 
along the margins of the tidal rivers : thus the natural spill was 
cutoff and the flood tide had no area on which to deposit tin* silt 
held in suspension, except on the beds of the rivers themselves : 
deterioration rapidly set in, showing itself at tirst in the head 
reaches, but extending rapidly towards the seafarer reclamation 
west of the Thackeran has now reached the seaface itself with the 
result that there is nothing to keep the rivers open : the other rivers 
on the east/)!' the Thackeran up to the Matla are passing through 
flu* same phase, but deterioration is not so advanced. In the 
Subtarmukhi the silt banks now extend to tin* seaface and at tin* 
point where the steamer route crosses the river, where it is two 
miles wide, the channel is so tilled with accretions that three 
fourths the river is high and dry at low r water springs. The same 
fate has overtaken the Ridyailhari due to the reclamation of the 
salt lakes to the east of Calcutta by embankments for fishing 
purposes, winch have shut out the normal tidal spill. 

INCREASE IN TIDAL RANGES. 

Another effect of embanking has been to increase the tidal 
ranges: as the water is confined between embankments and cannot 
spread laterally the high tide levels have been forced to rise several 
feet: a very good example is that of the Matla : At Port Canning 
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tho highest tides rise nearly .10 feet above the surrounding country. 
A he sudden contraction at this place opposes the progress of the 
flood tide and causes the high water to reach a maximum level on 
the whole river : the high title line therefore rises higher and higher 
from the seaface to Canning, beyond which it falls rapidly up to the 
head of the river near Calcutta, where the levels in springs are 
about 5 l'eet lower. 


EFFECT OF SPILL ON TIDAL RANGES. 


When tidal rivers can spill freely it will lx* found that the 
tidal curves are different to f hose of rivers fully embanked. The 
spill prevents the levels rising beyond a certain point and the top of 
I he curve is cut off and flattened : in fact, it is possible by examin 
ing the curve of any river to say at once whether there is any spill 
of appreciable volume : and it is also possible to forecast the level 
to which the tide would rise if the river was completely embanked 
and all spill cut oil'. In the case of the Passur, for instance, 1 
estimate that high water springs would rise between 1 and 5 feel : 
this river has a good deal of spill at present. 


RELATION liETWEEX RECLAMATION AND DRAINAGE. 


When tidal rivers expire their beds silt up to practically high 
water mark and form a ring fence round the land on their hanks : if 
the level of the land lias been prevented from rising by embank¬ 
ments the land will remain as a waterlogged area because all menus 
of drainage will ha\e been closed : this is the case sjt present at the 
head of the Itidyadlmri : a position of this nature is extremely 
difficult and costly to deal with, hecause drainage has to he con¬ 
ducted a long distance before a suitable outfall can he found, and 
the drainage head is so small that it is necessary to excavate very- 
large channels. 


VARIATION IN TIDAL RANGES. 

From what has been said it will he gathered that the tidal 
ranges differ in different rivers : at Port (''aiming the maximum 
rise and fall of 21 feet takes place : on the east in the same latitude 
and south of Khulna the range is only <> to H feet. It will be seen 
that in tin* areas in which reclamation is most advanced the 
maximum ranges will be found and it is in this area that decay oi 
the river system has ad valued almost to the point <d extinction. In 
a tidal creek an increase in range often connotes an early death. 


CROSS CHANNELS: TIDAL MEETING GROUNDS. 

The north and south tidal rivers as a rule outlive those which 
run more or less east and west: the latter rivers are kept o|>en by 
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spill on to land in their immediate vicinity. When this land is 
reclaimed the tides entering from both ends, meet at spine point in 
the cross channel and form a depositing ground : many rivers have 
been killed in this way and on this account the steamer route to 
Harisal had to be abandoned east of the I’assur in 11) lit and that via 
Khulna adopted. 


There are, however, many cases in which tin* cross rivers are 
self maintaining : this is due to the fact that their directions are 
north east or north west and 1 hat the tide which enters at the 
southern mouth has time to pass through before that at the 
northern mouth arrivesthe t wo important factors are the rela 
live times of arrival of the tides in the north and south rivers at 
either end of the cross channel and the relative strengths of the two 
tidal waves. 


'Faking the case of the Coxali Kh.fl, the Hood tide makes into 
the khal from the daboona at tin* western mouth tirst and almost 
reaches the eastern mouth before that from the Golgoosia arrives: 
the latter tide actually does enter for about half an hour and if the 
strength of tin* two waves was the same there would be a meeting 
ground : as however the wave from tin* daboona is much stronger, 
it predominates over that from the (lolgoosia with the result that 
the latter is again pushed out and a through current is established. 


('IfANDES IN COCRSE (WI SED RY INTERFERENCE 


Ref ore 1 priy/eed to classify the rivers mention may be made of* 
a few cases in which interference with rivers has brought about con 
siderable changes, (hits across bends of rivers or joining two 
l ivers should not be made until I he etl'ect of them has been fully 
studied : a good many years ago a cut was made between the 
Rhairabat Khulna and the I’ussur which has led to all water in this 
locality being diverted to the south : though this cut probably had 
a good deal to do with the opening of the Attarabanka and brought 
in a supply of fresh water, thus doing an immense amount of good, 
it led to the death of several rivers to the east, such as the Alaipur 
Khal and Kacliooa. 


The Halifax Cut, made in 11)02 by the District Hoard of .Tessore, 
has also done immense good to the country on the west of the 
Madhiimati, but the water extracted undoubtedly caused shoaling 
in the latter river. 


The out which was made a good many years ago to join the 
Hooghly (Adiga.nga) with the Snraswati at Wan krai 1 was probably 
the cause of the death of Tolly’s Nala and also the Saraswati : this 
cut is now called Garden Reach. 
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Sometimes rivers eut through the necks of bemls unaided : this 
is brought about by erosion and spill across the neck : the effect of 
a cutoff of this kind may extend for many miles up and down 
stream: in the monsoon of 181K1 the Gopulganj loop of the 
Madhumati cut through and the river has not yet become steady. 


CLASSIFICATION OF TI1E RIVERS. 

The rivers of Bengal can be classified into eight groups as shown 
below : - 

TYPE 1. Rivers emanating from the hills which possess the 
characteristics of hill torrents. These rivers carry immense qiuiuti 
Ues of detritus, are subject to short violent floods and form inferior 
deltas. Most of them spill over the country in the lower roaches, 
where in many cases they are embanked. As the laud is raised they 
extend their deltas inland and are liable to sudden irruptions at the 
heads of the deltas. Types'are the Tista, Damodar, Adjai, Cossye 
etc. 

TYRE 2. * Active fresh water delta building rivers which are 
perennial. This group includes the Ganges, Radian and Megan and 
some of their spill channels, which in the flood season spill their 
wafer over the banks, depositing a layer of silt on the land : they 
continue throughout the dry season to discharge moderate quanti¬ 
fies of water down their channels and are therefore navigable 
throughout (he year to a greater or lesser degree. The spill 
channels arc very tortuous and are liable to sudden changes in the 
positions of their offtakes, and it can never be stated with certainty 
where the heads w’ill be located after the floods subside. The Gorai, 
Madhumati, Attarabanka, Moyuacofta and Naria are rivers belong¬ 
ing to this type. 

TYRE d. Fresh wafer della building rivers which are active in 
the Hood season only. This type is similar to those under type (2), 
except that the discharge takes place* in tin*flood season only and is 
then cut off by bars at the offtake's; examples are* the* Bhagirathi, 
dalanji and Mathnhauga and sennelimes the* Moynaeeitta. 

TYRE I. Inactive fre*sh water delta building rivers which are 
eithe*r elead or carry only loe-al elrainage*. The* rivers iueluele*el under 
this heael we*re* at out* time* edlthe* ae-tive* delta buihling types (2) or 
Cl) : due* to changes, in many cases by new' spill rivers opening 
ae-ross them anel beheading them, their connexions with the parent 
stream have been severed anel the* uppe*r reaelies have silteel : as in 
the case of the Bhairab above Je*ssore, tliese rivers sometimes 
receive little* leieal elrainage*, elue* te) the* fae*t that they have* raised 
their banks higher than the interior lane! : in edlu*r cases they eli h 
charge local drainage in small quantities, as in the case of the 
Kohaelak and Ohitra. 
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TYPE 5. Memi-frcsh water and. tidal rivers. These rivers 
comprise the central reaches ot' the fresh wntey discharging 
streams: they meet tidal action which is limited in extent ami 
during the Hood season continue to discharge outwards, although 
the water is hacked up by the tides : for instance in 1018 in the 
Koopsha at Khulna there was slack water at high tide on the 2nd 
duly, after which date the floods gradually preponderated and the 
current continued down till the Hoods fell. In the dry season tidal 
influence predominates and a reversal of the current takes place, 
hut in most cases the water remains sweet. Many of these rivers 
also tap- the cross country fresh water spill and the water having 
been deprived of its silt, they an* scoured to a deep section and are 
in the best condition of any in the delta. The Hooghly at Calcutta, 
Pussur, llagerhat, Kaliganga, Swarupkati and ltarisal rivers are 
examples. 


TYPE 0. Tidal rivers diseliavying large quantities of upland 
water. These rivers form the mouths of those under type (“») and 
fire subject to tidal action all the year round. * 

TYPE 7. Tidal rivers which discharge local drainage. These 
rivers are distinct and totally independent of the upland water 
della building rivers. They have their sources in bhils (low 
swamps) generally in the latitude of Calcutta : in the monsoon they 
drain large local areas on the ebb and spill on the Hood : in the dry 
season they may continue to spill at high water and generally the 
water turns brackish. The Kulpntooa, Ilabra Gong, Seepsah, 
Hhuddcr and Kampal rivers are examples. 

TYPE 8. Tidal rivers which carry no perceptible quantity of 
drainage, the waters of which never turn sweet. The rivers in¬ 
cluded under this head are purely tidal in which the water never 
turns sweet and for the most part, are situated in the Hunderbans 
area. Many of them were probably at one time of the same class as 
type t», but owing to reclamation by embankments the spill on to the 
laud has been cut off in the upper reaches and in some cases down 
to the sea : where no such interference has occurred they continue 
to spill salt wafer on to the land at high water and in doing so 
have raised the laud near the coast, so that there ifi a general ground 
slope inland : they, therefore, retard the progress of the delta 
seawards. Typical cases are the Subtarmukhi, Thackeran, Peali 
and Matin. 



DISCUSSIONS. 


STRENGTH AND WEAR OF RAILS. 


Mr. If. 1). T. Alc.nttidrr .—1 have read Mr. Harvey's paper ami 
listened to t lit* author's It'd are on i( with great interest. The paper 
v\ill, I leel sure, he of great use lo the Institution as a whole ami to 
the Kailway Members of it in particular. The conclusion as to the 
most economical section of rail to l»* employed ai rived at by Mr. 
Harvey and detailed iu I he example given on page lo, although 
correct in a general way. should not, I think, he accepted in its 
entirely. In tieriding on the section ol rail lo he adopted, Engineers 
had to consider other factors apart from the initial capital cost and 
recurrent charges pertaining thereto. For instance on a line design¬ 
ed to carry fast heavy trallic, it was from a technical standpoint very 
imporlanl to use an heavy type of permanent way. I'liis had been 
pro\ed by experiment n> give better running, less creep, and less 
maintenance charges for both track and rolling stock. Tin* longer 
life of the heavier type of rail would be an undoubted advantage 
later on, as the date by which renewals had to he undertaken would 
he postponed for a longer period and during that period the line 
would be free from many of the charges which reduced the net earn 
iugs of a railway. Mr. Harvey has in his table allowed for relaying 
charges hut no allowance has been made for the dislocation of trallic 
which resulted when relaying had to be carried out. The cost of this 
dislocation was difliriilt to estimate hut it represented a considerable 
Ntiin to the railway administration. Similarly “ pulling back 
owing to creep, which is more likely to occur with a light than heavy 
section of rail, also caused dislocation to the running of 1 radio, and 
on important lines every effort should be made to obviate Ibis bug 
bear to railway Engineers. In deciding on the type of permanent 
way to be employed, I am of opinion that in addition to the financial 
aspect of the case as worked out by Mr. Harvey, the points mention 
ed should be given most careful consideration. 


Mr. A. T. WcfttoH .—“We can well appreciate Mr. Harvey’s 
position. His duty is to scrutinise with the eye of a technical expert 
the various proposals submitted by Railway Engineers for replac¬ 
ing permanent way and the many grounds on which such proposals 
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are urged. Mr. Iiarvey obviously wants a standardised set of condi 
lions which lie can impose upon such proposals. In all seriousness, 
however, 1 would ask nun il he really believes that stiflistical imor- 
mation in I ended to cover a period ol time ranging 11(1 to HO years w ill 
have any value even alter, say, an interval of .5 years, considering 
the fact that conditions in India, particularly in respect ol person 
liel, change so rapidly. Any such scheme of statistics which may lie 
launched now will be ignored or at any rale will bo considered oul 
of date by his successors in .5 years lime. Judging the problem on 
its merits, and in view of the discussion already ollered, 1 think 
there ip no quest ion that the only pract ical criterion to follow is to 
trust the common sense, experience, and competency of the Engineer 
on the spot and any scheme which may pre judice I he value ol his 
judgment is, l consider, unsound. While sympathising with I he end 
which Mr. Harvey has in view we can see the danger of theoretic 
treatment of this subject, e.g., the diagram shows that rails arc 
assumed to wear in a regular fashion - entirely on the top surface. 
J 11 actual practice, however, the configuration of the worn surface is 
otherwise owing to wear from hittera 1 flange pressure as well as 
vertical wear on the tread. Obviously statistics based on such 
assumptions would, if followed literally, lead to rails being left in 
service in an extremely unsatisfactory condition. For this and 
other reasons l lhink il impracticable or at any rale unsound to 
endeavour to control the conditions determining the replacement of 
permanent way on the lines put forward in the paper." 


Mr. .1. /•’. Ham 1 /.—-The points raised by Mr. Alexander certain¬ 
ly need consideration, but it will be found that the economic factor 
automatically cares for the requirements of main lines witli fast and 
heavy trallie. When comparing lighter and heavier sections of rails 
for use on a particular section of line, the lighter sect ions will he 
found to be uneconomical unless they are likely to have a fairly long 
life of about L\5 years at least in most eases. On main lines with fast 
and heavy I rattle the gross tonnage carried per annum is hound to he 
large and the lighter sections of rails would obviously, therefore, 
have too short, a probable life on such lines to la* economical anil the 
heavier sections would naturally he adopted. Frequent relaying, 
with its resultant dislocation of trattie, is certainly most, objection 
able but relaying once in about, 25 years can hardly be considered as 
too frequent. It is not possible, when calculating the relative 
annual cost of different sections of rails, to include any allowance 
for dislocation of traffic and only the usual items, which are included 
in a relaying estimate, can be taken into account. The net amount 
of such a relaying estimate is, after all, the amount which a railway 
should recover before the end of the probable life of the rails by 
means of annual payments into a siuking fund or depreciation fund. 
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It appears to me tlmt tin* general opinion, among those who have 
read this paper, is that my intention is to keep the weight of (rack as 
low as possible in every ease, whereas il is just the eonlrary. I am 
strongly of opinion that, where the minimum permissible section of 
rail will not have a reasonably long life, it is better and in fact, 
essential to use the heavier section straight away. This argument 
would apply not only as regards probable rate of annual wear due 
to (lie large gross tonnage per annum to be carried but also as 
regards any proposal or possibility of introducing on I he section in 
question heavier engine axle loads than those already in list*. 

1 have also been criticised for making no allowance for the fact 
that rails are usually laid in the trai l; with the vertical axis inclined 
at an angle of 1 in 20. The experiments carried out in America 
pro\ed that under each wheel the rail was deflected not only vertical 
ly downwards but also horizontally outwards, and the resultant 
pressure on the rail was evident ly not vertical but inclined outwards 
at some unknown angle, For all practical purposes, considering 
the number of indeterminate factors referred to in Para 55 of the 
American Committee's Report, the resultant pressure on tin* rail 
may be considered as normal to the coned tread of the wheel, i.e., 
along the vertical axis of the rail section, as I have dune in my cal 
dilations. 

Another point, which has been brought to my notice privately, 
and regarding which it appears to be advisable to add some remarks, 
is tin* probable effect of age on the strength of rails in the track. In 
1806 the Hoard of Trade, in the United Kingdom, appointed a Com 
iniffee to enquire into ■* the extent of loss of strength in steel rails 
produced by their prolonged use on railways.” Among various 
tests, carried out by this Committee, wen 1 tensile tests of specimen 
pieces taken from the heads and feet of old rails which had been in 
use from 1ft to 2ft years. The results of these tests gave an average 
elastic limit of nearly 23 tons per sip inch, and an average breaking 
stress of about 1ft tons per s<p inch. The lowest elastic limit record 
ed was 2010 tons per s<p inch and the lowest breaking stress 3JV82 
tons per sq. inch. As my calculat ions of the strengths of rails are 
based on a working stress of 1ft tons per sq. inch., this allows an 
ample margin for safety. The conclusion arrived at by the Com 
mittee in question was practically that, provided rails are of suitable 
cliemieal composition, etc., and free from flaws when new. they will 
not deteriorate appreciably in use under ordinary service conditions. 
The Committee in their report also referred to experiments made in 
order to ascertain the effect of speed on the track. They found that 
t be deflect ion of the rails at 6ft miles per hour was about 20% greater 
than the deflection at 4 miles per hour under the same engine and 
train. 
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The J'rrsidcHl. -The author 1ms given us an instructive paper 
nil a theory underlying tin* waterproofing of cement in parti 
mini* and the decay of building materials in general, lie could 
scarcely have chosen a more suitable place than Delhi in which to 
deliver his lecture, as there a re in the immediate environment downs 
of ancient buildings so corroded away at plinth level as to be oil the 
verge of collapse, but whether this particular corrosion is due to an 
stable colloidal balance, the effect of acids produced by bacterial 
action, or excessive original loading stresses, it is impossible now to 
discover. 


In common with mnnv engineers, mv interest in colloidal 
phenomena has been principally in the line grinding of low grade 
coal with oil to form a fuel and the research now being conducted 
with Silicagels in connection with refrigeration. The author has 
shown in his paper that the waterproofing of concrete is not so much 
the problem of preventing leaking roofs and sweating walls as that 
of producing in the concrete a colloidal balance as regards water to 
prevent the ullimate disintegration of the concrete. There is no 
doubt that the introduction of a colloid into concrete*, which shall at 
once close the pores and reverse the capillarity without introducing 
internal stresses or reducing its strength, will produce an ideal eon 
crete. Jf the metallic soaps mentioned by the author actually 
possess these properties, then they will prove of great value to the 
(Mvil and Structural engineer. I do not take the alarming .view that 
all cement concrete made by the ordinary methods with well chosen, 
and graded materials and the correct amount of water is doomed to 
ultimate disintegration by colloidal action, but there are a great 
many cases where definite waterproofing is not only desirable but 
imperal ive. 

The author has dealt most carefully and lucidly with the theory 
of ideal waterproofing, but has only referred in general terms to the 
special metallic soaps. It will be of great interest if, in hiN reply, he 
will stall* whether these metallic soaps are manufactured com¬ 
mercially, and, if so, the trade name bv which they are known. 

The author is not a Member of this Institution, but is a dis 
tinguished engineer, paying a short visit to India, and in thanking 
him for his valuable paper I wish also to express the pleasure which 
we experience in extending to him the hospitality' of the Institution. 


Mr. ('. /?. Chartrcx. — (communicated). The Author has given 
tis a highly interesting paper on the theory of making cement water¬ 
proof. I am in full agreement with the Author about the • 
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desirability of improving concrete construction. Swelling and 
shrinking of concrete with changes in moist lire are far greater than 
its expansion anil contract ion with changes in tempera tare, (’oil 
crete expands and contracts every time it is wetted and dried, and 
when considering term concrete work it is obvious that the import 
fince of waterproofing the concrete cannot he exaggerated. 

I, therefore, welcome the paper, and the only criticism I have to 
make is <hat the Author stopped his paper too soon and did not go on 
to give us some results of practical experience with the metallic 
soaps which he appears to consider the best medium for fulfilling 
the conditions essential for success. 1 hope, however, that in the 
discussion on the paper some such data will he forthcoming. 

I would ask the Author for instance to inform us in what form 
he advises the application of the metallic soap. Docs it gi\r best 
results when mixed with the concrete as a liquid, or is it distributed 
in the form of a paste which requires reducing to a liquid before 
mixing with the concrete, or alternatively is it best used as a powder 
and mixed with the cement before the addition of tin* aggregate? 

Tt seems to me that in a country like India a tine powder will be - 
better than a liquid as it will be more easy to ensure correct mixture 
with a powder and also it is not liable to loss by evaporation. 
Further it seems to me that when a metallic soap is used with water 
oxidisation must be set up. Is it the expansion due to such oxidisa¬ 
tion that is relied on to till up the pores in the concrete? If so. what 
happens when too much of tin* soap gathers together in one place 
instead of being evenly distributed? Disintegration would appear 
inevitable. 


I avoii Id also like to ask what c lour I In* soaps are in themselves 
and their effect on (In* colour ol the tiuished structure. This is an 
important point w here the appearance of a building is a considera¬ 
tion. 


Again Avill tin* Author tell us the speciiic gravity ot the soap 
and the quantity required to render concrete waterproof for different 
classes of work such as tanks, reservoirs, roofs, and cement plaster. 


I personally have had experience Avitli only one article of Un¬ 
kind mentioned in fin* paper. This is lbidlo, described as an earlhv 
Oleate or Fat which enters into a chemical amalgamation Avitli 
cementitious substances. I timl that a 2 percent, mixture with this 
powder renders concrete impervious to water, and that the treated 
concrete is certainly not less strong than ordinary concrete. 


If the Author has also had experience with this powder it would 
be interesting to know how it compares Avitli the metallic soap, 
firstly, ill their resjwetive actions on the cement, and, secondly, i’> 
the permauaney of their effects on the concrete. 
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The President. —Tlu* author has given us an instructive paper 
on a theory underlying the waterproofing of cement in parti 
ealar and the decay of building materials in general, lie could 
scarcely have chosen a more suitable place than Delhi in which to 
deliver his lecture, as then* art* in the immediate environment dozens 
of ancient buildings so corroded away at plinth level as to lie on the 
verge of collapse, hut whether this particular corrosion is dm* to un 
stable colloidal balance, the effect of acids produced by bacterial 
action, or excessive original loading stresses,It is impossible now to 
discover. 


In common with many engineers, my interest in colloidal 
phenomena has been principally in the line grinding of low grade 
coal with oil to form a fuel and the research now being conducted 
with Silicagels in connection with refrigeration. Tin* author has 
shown in his paper that the waterproofing of concrete is not so much 
the problem of preventing leaking roofs and sweating walls as that 
of producing in the concrete a colloidal balance as regards water to 
prevent the ultimate disintegration of the concrete. There is no 
doubt that the introduction of a colloid into concrete, which shall at 
once close the pores and reverse the capillarity without introducing 
internal stresses or reducing its strength, will product* an ideal con 
crete. If the metallic soaps mentioned by tin* author actually 
possess these properties, then they will prove of great value to the 
t'ivil and Structural engineer. 1 do not take the alarming .view that 
ail cement concrete made by the ordinary methods with well ehosojn, 
and graded materials and the correct amount of water is doomed to 
ultimate disintegration by colloidal action, but there are a great 
many cases when* definite waterproofing is not only desirable but 
imperative. 

The author has dealt most carefully and lucidly with the theory 
of ideal waterproofing, but has only referred in general terms to the 
special metallic soaps. It will be of great interest if, in his reply, he 
will state whether these metallic soaps are manufactured com¬ 
mercially, and, if so, the trade name by which they are known. 


The author is not a Member of this Institution, but is a dis 
tinguished engineer, paying a short visit to India, and in thanking 
him for his valuable paper I wish also to express the pleasure which 
we experience in extending to him the hospitality of the Institution. 


Mr. ( 1 . fi. (! hart res .— (communicated). The Author has given 
us a highly interesting paper on the theory of making cement water¬ 
proof. I am in full agreement with the Author about the 
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desirability of improving concrete construction. Swelling a „d 
sin inking of concrete witli changes in moisture are fur greater than 
its expansion ami contraction with changes in temperature. (km- 
crete expands and contracts every time it is wetted and dried, and 
when considering ferro concrete work if is obvious that the import 
ance of waterproofing the concrete cannot be exaggerated. 

1, therefore, welcome the paper, and the only criticism I have to 
make is that the Author stopped his paper too soon and did not go on 
to give us some results of practical experience with the metallic 
soaps which he appears to consider (lie best medium for fulfilling 
the conditions essential for success. 1 hope, however, that in the 
discussion on the pai>er some such data will la* forthcoming. 

1 would ask the Author for instance to inform us in what form 
lie advises the application of tlie metallic soap. Does it give best 
results when mixed with tin* concrete as a liquid, or is it distributed 
in the form of a paste which requires reducing to a liquid before 
mixing with the concrete, or alternatively is it best used as a powder 
and mixed with the cement before the addition of the aggregate’/ 

It seems to me (hat in a country like India a fine powder will be- 
better than a liquid as it will be more easy to ensure correct mixture 
with a powder and also it is not liable to loss bv evaporation. 
Further it seems to me that when a metallic soap is used with water 
oxidisation must he so! up. Is it the expansion due to such oxidisa¬ 
tion that is relied on to till up the pores in the concrete*/ If so, what 
happens when too much of I he soap gathers together in one place 
instead of being evenly distributed? Disintegration would appear 
inevitable. 

I would also like to ask what c dour the soaps are in themselves 
and their effect on the colour of the finished structure. This is an 
important point when* the appearance of a building is a considera¬ 
tion. 

Again will the Author tell us the specific gravity of flic soap 
and the quantity required to render concrete waterproof for different 
classes of work such as tanks, reservoirs, roofs, and cement plaster. 

I personally have had experience with only one article of the 
kind mentioned in the paper. This is l’udlo, described as an eartliv 
Oleate or Fat which enters into a chemical amalgamation with 
cementitious substances. 1 find that a 2 percent, mixture with this 
powder renders concrete impervious to water, and that the treated 
concrete is certainly not less strong than ordinary concrete. 

If the Author has also had experience with this powder it would 
lie interesting to know how it compares with the metallic soap, 
firstly, in their respective actions on the cement, and, secondly, in 
the permanauey of their effects on the concrete. 
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Mr. Raja Rata. - There arc a lew points in Ah*. Oesterblom’s 

paper, on wliicli I would like lo have some more information. 

On page r.4 in paragraph I, the learned Aulhor !*ates that “a 

large amount of water may be absorbed by the colloidal dust. 

drv.” 

■ 


In this connection I seem to think that there are various states 
of equilibrium in which varying amounts of water may be retained, 
but that the boundaries for increase and decrease of water for stable 
conditions must be defined. 1 would, therefore, like to know what 
are tin* percentages of water in ('olloids (of common engineering 
materials) which would give the gicutest strength or the most stable 
condition. *For cement such information is available to some extent 
but not for other materials. 

On page .~>7 in the penultimate paragraph the Author states that 
“Ihe colloidal water is distributed over the mass through 
microscopic, macroscopic or sub-microscopic capillaries in the body 
of the gel." I would like to know whether the “action of 
capillarity" in expelling water from a “gel” actually conies into 
play? Is it not some different kind of action? 

On page bS in paragraph 1 Air. Oesferblom states that “Manufac¬ 
tured iron and other metals are also colloidal in nature- their 
structure is denser, and colloidal investigations, therefore, at 
present of relatively less interest." 

Ts it an admitted fact that iron and manufactured metals are 
really colloidal? Are they not a mixture of crystalloids and colloids 
in certain proportions? 


Mr. T. ff. Rielianlson. - -It is a fairly common experience to find 
when heavy rain occurs after a long pc Mod of hot and dry Heather 
that a newly constructed terraced roof (lime and soorkee concrete) 
leaks at the first onset of the rains. If tin* roof has been well eon 
strutted, it is generally found that the leakage stops after a short 
period and does not reoccur in subsequent years. 

The taking up of the roof may be due to some such action iti the 
concrete as has been described by the Author, but the important 
point is that then' is no evidence of the subsequent shrinkage, the 
roof is water-tight after subsequent hot seasons. It would appear 
for such class of work that if you can keep your Sub-Overseer on the 
roof during construction, no addition to the concrete is necessary ; 
while if the work is not properly supervised, any money spent on 
special dopes would obviously be waste of money. 


Mr. Mrdlaxhaa. -ATr. Ohartres has already covered most of the 
ouestions 1 should have liked to have asked the Author of the paper 
and the Author’s reply will be of considerable interest as T am 
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fanning out a large aiuoum, ol concrete work in Calcutta. Wo 
have used “1‘miJo” to a oonain extent but not yet sullioionlJy lo 
arrivo at a very definite conclusion regard Lug u. 1 was at. one 
time strongly urged lo use a patent waterproofing maierial on the 
root of my douse wlneli was a uai lime eonerele terraced one and 
which had begun to Iouk during ilu* rains, hut llu* material got 
1 hrough I he ten acing on lo the steel joists and kept dropping 
through and staining lurmtiire and Hours. 

Mr. (J. A. (Johlialr. I wish to bring lo the notice ot (lie .Members 
the great trouble we have in Sind aim probably m mner parts oi 
India. I ruin “Kalar,” i^arge areas in ibal part arc imprcguaieu 
with salts—mainly chlorides and carbonates ot sodium *umi some¬ 
times magnesium. Those salts rise through masonry nun me 
capillary water, and when tin* water evaporates on the siirtace, the 
salts crystallize in the pores of the hricK and cause tin* best bricks 
to crumble to powder, in the ease of new buildings damp prooi 
courses are now pul in, but there are hundreds ol existing buildings 
where this is not possible. If the author ol the paper could slu'd 
soiik' light on this <|uestion it would he very useful. 

As regards water-proofing of roofs, I think that the problem is 
structural, and no amount ol “water-proofing" will solve the ques 
(ion. The main reason, I think, is I lie cement concrete. We allow 
centerings to remain in place for two or three weeks, and by that 
time the cement lias set quite rigid. The removal of the 
centering alters tin* stresses and the beam deflects in places. Now 
soever small this deflection is, if muses definite strains and hair- 
cracks start, which widen and are the cause of all leakage of roofs. 

I have tried an experiment of substituting the cement concrete by 
lime-concrete which sets more slowly and so there is more room for 
adjustment, when the centering is removed. This was found quite 
satisfactory. In Madias the practice was to have jack arches ^of 
hrii k in lime and these gave very good results. When the cracks 
once start, no amount of “water-prooling" can meet the trouble. 
Uy whatever name they go, most of the water proofing tillers are 
“coal-tar" in essence and the result of using lliese is that the 
occupant, gets drops of far on his furniture during the hot weather, 
in place of water during the monsoon. 1 do not quite like* flu* 
change. 

This question of water-proofing is very important and I wish to 
add how grateful we all are to the author of the paper for bringing 
it up. 

Mr. Shir Nornyan .—Colloidal phenomena have been the subject 
of communications before Scientific Societies, and I remember 
having heard a paper or two on this subject at the Annual Meetings 
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of tlu* Indian Science Congress, Recent books on Chemistry devote 
considerable s^mce to colloids, sols, and gels, lu the realm of Pure 
Science, crystallography and colloidal phenomena ha^e been fruit 
ful aids to research. It is, however, not so common to lind colloids 
^eing considered in connection with Applied Science. Mr. (tester- 
hlom’s paper breaks new ground and shoirid be particularly 
welcome*! on thut ground bv those who believe in the co-operation 
of thinkers and workers. It is only another confirmation of the 
lmill that knowledge pursued for its sake does enable 11 s to gather 
a good harvest sooner or later when principles discovered in 
laboratory by scientific savants are applied by studious engineers 
<0 industrial problems. The present paper points the way to an 
■investigation of the problem of how to delay the ravages of time 
and to build structures that will last practically for all time—to 
explain the reason for the survival through centuries of ancient 
pyramids, pillars, and paintings that have been praised by perplexed 
pilgrims who have sought in vain to learn the secret of their success¬ 
ful stand against tin* forces of decay. Waterproof paint is 
suggested as an obvious aid to preservation. Was it used by the 
ancients? What other aids did they employ? 

Mr. X, M. Abdulla .—In the Kail way Quarters at Kalya 11 on the 
<i. 1. J\ l had built cinder mortar roofing in jack arches. The pro 
portion of ingredients was 1 part lime to 2 parts of cinders well 
ground in a mortar mill. 

In the first monsoon all the rooting leaked very badly, to stop 
this l*udlo was applied mixed with 2 parts cement in V thick plaster 
all over the roof. This stopped Ihe leakage and there was no further 
complaint. 

The cracks in plaster during the hot season were repaired with 
cement mortar. 

* 

Mr. Mau.son .—My experience has been that Portland Cement 
Concrete, if properly proportioned and executed with suitable 
materials, great care, and skilled supervision and labour, proved 
to be both watertight and impermeable and required no additional 
colloidal mixture for internal waterproofing. Does not the Author 
consider the water content as most important and condemn the 
modern practice of using excess water when mixing to enable the 
concrete to flow into position instead of being properly mixed with 
the correct proportion of wafer and placed in position and tamped 
properly. 

Mr. 11. Webb .—“I would like to support the remarks of several 
previous speakers by emphasising that no amount of patent 
tilling or lubricant in the form of Metallic Soaps such as Pudlo, 
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Toxement, Truscou, etc., will render concrete dense and water-tight 
unless the aggregate be properly graded wind suitable in size and 
texture and free from organic matter and the water quantity 
correct. Likewise, the mixing, pouring, and tamping must be pro 
fferly and thoroughly carried out and “scamping” of either of these 
essentials can never be compensated for by the addition of patent 
colloidal preparations. However, 1 am of opinion that the Metallic 
Soaps referred to by the Lecturer are really useful in water proofing 
reservoirs, tanks, and similar structures for holding water and, also, 
that their use in ordinary reinforced concrete construction is a 
valuable insurance against early and unexpected decay of the steel 
reinforcement.” * 

Mr. B. Anantacharya .—Cracks and subsequent leakage in cement 
concrete of rooting, flooring, etc., can be; stopped by using a richer 
concrete mixture of say 1-12, properly graded ami well mixed for 
the topmost layer exposed to the sun’s heat with light reinforcement. 
This experiment was actually tried in the case of a leaky flat roof 
in Tliana. A '1” layer of cement and gravel concrete was laid with 
light 1/H" wire reinforcement 4" apart. The leakage has now 
entirely stopped. 

This method seems to he very much preferable to the external 
applications as the latter are likely to hinder ais<» further setting 
of concrete though to a small extent as all subsequent absorption of 
moisture from atmosphere will be shut off. 

Mr. I. Ocstvrblom .—If I may be permitted to do so it would be 
convenient to answer many of the comments by m?ans of some 
general remarks, which would be suitable to most of them. 

Concrete and the preservation of concrete seems to have been in 
the mind of most in discussing the paper—as indeed it was in the 
mind of the writer—and it was well that emphasis was placed on 
concrete, although it should not be forgotten that the paper has a 
much broader significance. 

With few exceptions, however, the problem of waterproofing 
roofs seems to have been the one that has offered the greatest 
interest. And this is really turning the problem upRide down. It 
has always been my contention that a roof cannot-be properly water¬ 
proofed by adding any waterproofing substance to the concrete. Mr. 
Gokhale expressed the same idea when he [minted out that the 
problem was chiefly a structural problem. No matter how impend- 
ons the concrete, cracks are sure to occur for reasons that have 
nothing to do with the waterproofing of the mass; through these 
cracks will then pass the water and all efforts to waterproof will 
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then have been in vain. There is only one proper method to water 
proof a roof and that is to nse an elastic covering on top of the eon 
crete. This elastic covering will then follow the changes in the con¬ 
crete whether these be caused by variations in temperature, 
structural strains, or colloidal transformations. 

Still it might be worth while to point out that if absolute dryness 
is not required it might be sufficient to waterproof the mass of the 
concrete, which is undoubtedly the cheapest of all processes. It was 
being done during the war by the British Authorities, who purchased 
from the company T represent large quantities of concrete water¬ 
proofing for roof construction. They did so against our advice, and 
fully realizing'that the responsibility for failure would be their own, 
later on they declared that they were satisfied with the results. 
Presumably the construction was not intended to be permanent. 

While T am pointing out these things as a matter of mild protest 
T am even more anxious to deflect attention to foundation problems. 
TTere is where serious destruction very often occurs and evidently 
with the most disastrous results. Unfortunately foundations are 
always concealed so that news about a coming disaster is therefore 
very unexpected and very sudden. Reconstruction of foundations 
under some large buildings in America is not entirely unknown, 
although the fact usually is kept very secret. Obviously those 
Architects or Engineers who have once seen the disastrous results 
are very careful thereafter to safeguard their foundations to the 
A ery utmost. It is cheap to use the necessary safeguards in advance; 
it is expensive to rebuild the foundations afterwards. 

The general tone of all the comments seem to have been to 
emphasize the necessity for good materials and good workmanship. 
This of course is what one might expect in this assembly; still it is a 
pleasure to hear it. Tf it should he thought, however, that the 
waterproofing of concrete were intended as a substitute for good 
materials and workmanship a protest would he in order. 

The waterproofing of concrete is intended as a still further im¬ 
provement on good concrete: even the best, of good concrete is not 
good enough until it has been waterproofed. What I have just said 
is not to be taken as a criticism against even the best engineer : for 
reasons colloidal, which I have explained in my paper, it is in the 
nature of concrete to be porous. This porosity may be due to work¬ 
ing conditions, but is even more so due to unavoidable colloidal con¬ 
ditions, which must be met and should not be avoided. 

While I agree with Mr. Mawson in his appeal for good concrete 
and specially wish to support him in urging dryer mixtures and 
more ramming T believe him to be wrong in thinking good concrete 
alone as good enough for permeability. My answer to Mr. Mawson 
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on this point is contained in my paper : it is the water in the con¬ 
crete, which ultimately destroys it, that makes the concrete at the 
same time have the appearance of tightness. The appearance is an 
illusion : it is a temporary tightness which signifies the presence of 
a very heavy internal stress. 

For Mr. Chartres’ comment that l have stopped my paper 
too soon 1 am specially thankful: this I can only take as a compli¬ 
ment. 1 had always thought that for this subject the discussion 
would be more important than the paper ; the purpose of the paper 
should be only to direct the thoughts of the meeting along these 
somewhat new lines, which 1 hoped would be fruitful not only for 
the meeting, but also for further study. Many points of practical 
significance have already been brought out during the discussion. 
As a, specific answer to Mr. Chartres I beg to add the following: — 

♦ 

It is my opinion that a paste added to the water is the best means 
lo secure uniform results. It is easy to mix the paste uniformly 
with the water and to see that it has been uniformly mixed ; it is 
easy also to obtain uniform mix of the aggregates and the water. 
Hut the same is not true about a powder, whether same he mixed 
with I he cement or 1 he water. The company 1 represent tried it 
fifteen years ago with very unsatisfactory results. In regard to 
oxidisation it is my belief that same would not occur with the 
metallic soaps. These are fully saturated compounds and would not 
break down except, under the etl'ect of strong re-agents and under 
specially favourable conditions. The specific gravity of the metallic 
soaps I do not know ; the quantity required is very small : from live 
to eight pounds per cubic yard—the weight of the concrete would 
therefore be verv little a fleeted by the addition. The colour is very 
neutral, almost the same as for cement. 

In answer to the sped lie question of the Chairman 1 beg to state 
that the compound l have had in mind as representing the farthest 
development of the science of waterproofing is the “Truscon Water¬ 
proofing Paste.” 

Mr. Shiv Narayan discusses like a true philosopher. He is 
looking far ahead and he is also trying to judge from the past. I 
take it that, his questions are not for the speaker hut rather for the 
profession as a whole. They are well worthy of consideration. 

Mr. (loklinle’s problem with capillary water in the Malls of the 
buildings in Sind is no different from other problems of water rising 
in the walls except that the water is saturated with salt solutions. 
There is only one proper way of curing an ailment of this sort and 
that is to build a waterstop in sections through the entire building. 
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Ordinarily the capillary water is alkaline through travelling through 
masonry; a temporary protection can then be applied on the inside 
by using an anti-alkaline paint. Water will still risfe in the wall, 
but it will come to the surface on the outside only. This is always 
an unhealthy condition and a waterstop is very much to be 
preferred. As 1 do not know of any reliable paint to resist the salts 
mentioned I can only recommend for the conditions described that a 
waterstop should be built in. 

Mr. Webb is perfectly correct when he says that no amount of 
waterproofing will take the place of good concrete. If he should 
think, however, that good concrete will take the place of water¬ 
proofing 1 must refer him to the answer 1 have already given to Mr. 
Mawson on the same subject. In Singapore recently 1 challenged 
one of the 1\W.I>. engineers to prove his statement that he could 
make impervious concrete. He mixed the best concrete he knew 
how, to all appearances too dry for hydration, placed it on a road- 
(surface six inches thick only, and then had it rammed for one hour, 
until it appeared wet all the way through, by a gang of coolies stand¬ 
ing so close together that there was no room for another. After the 
concrete had been set absorbtion tests were made and it was found 
that one and one half per cent, by volume represented voids, which 
had been filled with water. If the same slab of concrete had been 
used as a waterstop it would have acted perfectly. Through the 
absorbed water and the colloidal expansion all the pores would have 
been closed. Tin* usual phenomenon : Watersoaked concrete act¬ 
ing as a waterstop. We must remember, however, that watersoaked 
concrete'has no permanent structural value. 

Mr. Kaja Ram raises some questions regarding the nature of the 
colloidal phenomena. We can hardly talk about transmutations 
from Colloids to Crystalloids or vice versa. It is merely a 
question of the prevailing conditions and specially the extent of 
granulation of the colloidal dust. On this depends the amount of 
surface energy, and on this again it seems to depend, if the material 
is going to act as a crystalloid or a colloid. Capillaries have nothing 
to do directly with colloidal phenomena; they merely serve as con¬ 
veyors for the water or any other disperse medium. Iron has been 
studied chiefly from a erystallie point of view, but the question may 
well be raised if much of the mass which is bow considered as 
erystallie, but of extremely small size, is not truly colloidal 
material. How else are we going to explain the extreme density of 
this material? The difference of behaviour of different kinds of 
cement from a colloidal point of view would undoubtedly be an 
interesting scientific problem; it is a problem of the future about 
which the speaker can give no information. 
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NOTE IN REGARD TO BIBLIOGRAPHY. 

Several books and monographs have been reviewed. The follow¬ 
ing I have found specially useful and would recommend for every 
engineer’s library:— 

Two pamphlets by Dr. W. Miehaelis on the Hardening of 
Cement. (Chicago 1907 aud 1909). 

One pamphlet by l)r. A. E. Toernebohm “ Tiber Die Petro- 
graphie des Portland Zements ” (Stockholm 181)7). 

Several Papers by Prof. Alfred IJ. White and specially “Integral 
Waterproofing for Concrete” (New York 1923). 

“ An Introduction to the Physics and Chemistry of Colloids ” 
by Emil llatcheck (London 1922). This is a small, very well 
written, and very useful book. 

“ Elements of Engineering Geology ” by Kies aud Watson (New 
York 1921). An excellent standard book. 


The following are nooks on a larger scale 
study : — 


for more advanced 


“ Outlines of Physical Chemistry ” by G. Senter (London 1923). 
A very good standard book in its 11th edition. 


The Chemistry of Colloids ” by Kichard Zsigmondy. Theore- 
tical, with many engineering applications (New York 1917). 

“A Handbook of Colloid Chemistry” by Dr. W. Oslwald 
(London 1919). A well known book, chiefly theory. 

“ Theoretical & Applied Colloid Chemistry ” bv Dr. W. Oslwald 
(New York 1922). A series of lectures mostly about, technical 
applications. 

“ Kappilar Chemiebyll. Freundlicb (1920). Well knowu but 
personally unknown to the Author. 

“ Applied Colloid Chemistry ” by W. D. Bancroft (New York 
1921). A most excellent practical book. 

“Protein and the Theory of Colloidal Behaviour” by Jacques 
Loeb (New York 1922). Chiefly for Biologists, contains also general 
information. 

“Monographs on the Physics and Chemistry of 1 Colloids ’* by 
The Svedberg (London 1922), etc. Extremely well written, but 
chiefly theoretical. Three monographs, or possibly more, have been 
published. 


AW«.—QstwaJd's sod Zsigmondy's books are translations from the German. 
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JAMSHEDPUR SEWAGE DISPOSAL WORKS. 


Mr. R. Wolfcmlvn .—I think it is very appropriate that I 
should say something on this paper, as wo have recently started up 
mi “Activated Sludge Flant’’ at the Bengal Engineering College, ami 
as 1 have been watching its operation since the beginning of 
November last. The plant is still under the charge of Dublin Health 
Department ol' Bengal, but will ultimately come under the care ol' 
the college authorities, and will work uuder the supervision of my 
self as Professor of Mechanical Engineering and Superintendent of 
Workshops. Although, therefore, not in actual charge of the plant 
at present, l have been following its working with close interest, 
and latterly with some degree of anxiety. Perhaps I had better 
give first of all a history of the works. The design of the tanks was 
done by the same people who have designed Jamshedpur works. 
The construction began somewhat about the same time as the con 
struction on the Jamshedpur scheme. No money was, however, 
allotted by the Government for the completion of the works until 
late in 11)113 so that the whole scheme has been held up until 11)1*1. 
There were further troubles about starting and maintenance last 
year, so that the plant did not begin to function until the beginning 
of November of last year. As the plant would finally have to work 
under the college authorities, the appointment of stall' to run the 
plant was left to the College. 

I had considerable difficulty in getting an assistant to take 
charge of the plant. 1 interviewed nearly L20 candidates, most of 
whom were Indians, and practically all of them withdrew when they 
saw the nature of the work. The prospect of having to supervise, 
the repair of valves, or to keep machinery which actually dealt with 
sewage in proper order, was sufficient to deter most of the candidates 
from taking the post. This difficulty may not be felt so much out¬ 
side Bengal, but it certainly operated strongly in that province. It 
has also been almost impossible to get fitter mistries in connection 
with this work. Since November there have been several engaged, 
but they all left when anything was wrong, the reason being that 
in Bengal mistries are strong caste men. However, we have now got 
a suitable assistant in charge, although the mistry problem has not 
yet been satisfactorily settled. The plant is designed for 1,200 
people, but when the plant was started up there were only about 450 
people in the compound. The plant was designed on very similar 
lines as the Jamshedpur plant. The blowers deliver against a 
pressure of 4 lbs. per square inch. From 8 to 11-30 a.m. and from 
12-30 to 4 p.m. and from 5-30 to 11 p.m. the blowers are driven by 
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electric motors ns during those hours our main power plant, is work¬ 
ing. From 11 30 a.m. to 12 30 and from 4 lo 5-30 p.m. the power 
plant is stopped so that during those hours the blowers are driven 
by a Si I?. 11. I*. Campbell Crude Oil Engine. In Mr. Temple’s 
paper he mentions that he had trouble with his oil Engine and also 
mentions that his Engines are not correctly proportioned for the 
work and are not running economically. 

1 have had a certain amount of trouble wit h our own small engine 
driving the blowers. As it is too powerful for the work and because 
of tin* very light load if carbonises badly. 

We have tried all sorts of mixtures blit cannot get rid of exces¬ 
sive' carbonisation, and there seems to be* no doubt that it is due to 
the engine running on a much smaller load than that for which it is 
designed. 

1 should like to give a fairly detailed account of what has 
happened in the sludge tanks. 1 wish to emphasise that the sludge 
tank is not under our charge and therefore my account is that of an 
interested observer, but one to whom the results are of vital im¬ 
portance as we ultimately have to accept tin* scheme from the 
Public Health Department. 

The Plant was startl'd up bv tilling the tanks with water and the 
blowers were operated and aerated the water. 

The sewage was admitted gradually and the manner of operating 
the plant was as follows : — 

•* 

Sewage was pumped into the tanks from S to !) a.m. and then no 
further [tumping took place until 2 r.M. when pumping again took 
place for one hour. 

Aeration took [dace from 8 v.m. to C> r.M. continuously, the plant, 
being shut down at t> r.M. The liquor in the chamber immediately 
before the settling chamber was tested twice a day, and after about 
a week’s aeration sludge settled out when the testing flask was 
allowed to stand for about one hour. 

By the middle of December the amount of this sludge had 
reached about 4%. Tests were made for ammonia and nitrites. A 
few drops of Nesslers solution should give a yellow colouration if 
Ammonia is present. 

I c.c. of Wnlpfianilic acid and'1 c.c. of Naphthylamine giveR a 
crimson colouration on standing from 5 to 10 minutes if nitrites 
are present. 

The tests first, showed that ammonia and nitrites were present 
in the effluent in abundance; but by tin* middle of December they 
were present, only in slight traces. The effluent was fairly clear. 
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At the beginning of January the population of the compound 
wan increased by about 150 people. For the tirst few days the 
chemical tests of the effluent showed increased traces 0 of ammonia 
and nitrites but later these traces became faint. 

The aeration sludge did not increase beyond 4%. 

The sewage is now pumped for 15 or 20 minutes and then pump¬ 
ing is stopped for two hours after which pumping again takes place 
for 20 minutes and then stops for two hours and so on throughout 
the day. The aeration takes place continuously from 8 a.m. to 
11. p.m., that is, the working of the blowers is increased by a period 
of 5 hours. Since that time the eflluent has contained a diminishing 
sludge content. A flask of eflluent after standing for one hour con¬ 
tains considerably less than 2 per cent, of the sludge. The liquor 
is fairly highly coloured compared with what it was, although 
there is very little smell. It seems to me that these conditions indi¬ 
cate that the sewage is overblown. Mr. Temple on page 75 says : 
"When a sewage is overblown which occurs when the quantity is to 
be treated is too little for the tank, the sludge burns out and 
diminishes in volume and the eflluent becomes colloidal.” 

I should like Air. Temple’s observation on this point. Mr. 
Temple has also said on the same page : “ It has been established 

that there is a minimum and maximum period of aeration for any 
particular sewage, and there is also a minimum and maximum per¬ 
centage of sludge to be introduced into the sewage if a clear and 
stable effluent is to be produced.” # 

In the College plant there does not seem to be any accurate 
method of regulating the percentage of sludge introduced into 
sewage. Then* has been great difficulty as regards the diffusers. 
The diffusers have been covered with a silty deposit, and it has been 
very difficult to keep them from rapidly choking. They have been 
(’leaned By blowing compressed air through them, as there is an air 
compressor in the College. J should like to ask Mr. Temple about 
the influence of the hardness of the water both on the deposition of 
silt and on the formation of the sludge. The water at the College is 
taken from the Hooghly river and is very bard. At present it has a 
temporary hardness of 8-5 and a permanent hardness of 14*5, giving 
a total hardness of 23. It goes up, however, in the hot weather to as 
much as 35. The sulphates present are copious. It seems to me 
that these facts will have a very considerable influence on the work¬ 
ing of such a plant. I am a mechanical engineer with no previous 
knowledge of sewage disposal, and I should ifee Mr. Temple’s obser¬ 
vation^ on this point. I may say that the sewage Is reported by the 
chemist sent by the Patterson Engineering Coy. to be particularly 
strong, very much stronger than at Bangalore, where there is an 
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activated si udge plan I succcssimly working, lie report^ that all tin* 
urine seems to liud its way into the sewers which is unusual willi an 
Inman sewerage plant oi any kind. 

v 

A rum my own observations and J'rom .\lr. Temple's *pa per it 
seems lo me mat tins process requires an expert chemist and a 
oaeienolegist on tlie piaut. Air. Temple's own fdaut lias been work¬ 
ing tor z or ii years ana ins paper inunates (bat eveu now mere are 
nimcuities wincii necessitate constant and expert supervision of the 
plant, which makes such a system unsuitable lor Aloflusil stations, 
and winch adds to tiie expense ot tin* sewage disposal. The space 
occupied by the disposal lank is oi course much smaller m iIn- 
Activated {Sludge bystem, and llie system is therefore valuable and 
important in large towns where hum is very valuable. 

J am very pleased to be able to hear Air. 'Temple’s paper as his 
experiences recorded in it will be a most valuable help to other 
people connected with new Activated biudge riant Schemes. 

Air. F. V. Temple .—The only ml urination we have regarding 
the Sibpur Activated Sludge Ham is that given in Air. 11. liransby 
Williams’new book on Sewage Disposal in India and the Kant. 
From that it appears that the total capacity of the. aeration tanks is 
< 0,1 IS e.ft. to which must be added tin* UK) c.ft. of the disintegrating 
tank, for t.ne sewage is mixed with the return sludge before it enters 
that, and aeration commences then*. The total aeration tank 
capacity is therefore 3 ,008 c.ft. Allowing for 150% sludge constantly 
maintained in the tanks (aud it is extremely unlikely that a greater 
percentage will be attainable even if desired), the aerating capacity 
would be 2,5)13 c.ft. which is large enough to deal with the sewage of 
J,500 persons at least. At the time when Activated Sludge Ltd. 
were designing this tank they paid very little attention Lo the rela¬ 
tion of tank capacity to the number ot users aud only worked ou the 
volume of liquid. Seeing that the total population, served is now 
only about 000 persous it is hopeless to expect that the tank will 
work properly unless some part of the aerating capacity is cut out. 
There should be very little difficulty in re arranging the tanks so 
that this can be done. The tirst length of tank which extends the 
full 72 ft. would probably be ample. All the indications given in 
Air. YVolfendcii's remarks point to the burning up of the sludge by 
over-blowing, or to the possibility that no sludge is now being 
formed for want of a sufficient nucleus. The. fact that about 4% 
sludge was formed when the blowing periods were shorter and that 
the sludge has diminished since the blowing periods were lengthened, 
supports this view. All of this emphasizes the necessity, which we 
have frequently lieen at much pains to demonstrate, of proportioning 
the size of the plant correctly for the work that it has to do and for 
the necessity of measuring that work by the amount of putrefactive 
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matter to he purilied, or in other words by the number of people 
served. 

Mr. Wolfenden mention* dial there are frequent sfccum illations 
of silt on the diifusers. This is to lie expected when the blowing is 
intermittent, with h^ng periods ol i*est, as it is even now, the plant 
being shul down at night. To keep the diffusers clear, blowing must 
be continuous or very nearly continuous (Ihe use of Pulsating Gear 
would not he considered as making tin* blowing intermittent Irom 
this point of view). Our experience shows that intermil tent blowing 
even on an intermittent supply ol sewage is bail for the working of 
the tank not only in causing accumulations of silt- on the diffusers 
but also in upset ting the bacteriological and chemical action. To 
make the Sihpur Installation a success, it will be necessary to reduce 
the aerating capacity and to arrange for continuous aeration night 
and day. 

Mr. Wolleiiden says that the plant was designed on “very similar 
, lines to the Jamshedpur Plant,' Superficially this is true. There 
are, however, some very important variations between the two 
designs. The Sihpur Plant contains a disintegrating tank; the 
Jamshedpur plant does not. We haw* been able to obtain no infor 
mation regarding the working of this pattern of disintegrating tank. 
It was fitted in the Moreton Plant, but no teJercnce has been made, 
that we can lind, to its working there. It has not been tit ted to any 
oi the Manchester Installations. Atone time we considered the 
desirability of adding it to the Jamshedpur Plant, but on earefill 
examination we were very far from being convinced (hat its design 
is satisfactory. It would be interesting to bye-pass it in the Sihpur 
Plant and see what difference occurs in consequence in the worsiug 
of the plant. 

hi the Jamshedpur Plant it is possible to hye pass l/3rd or 
lyjrds of the aerating tanks at will. No such provision has been 
made in the Sihpur Plant. We consider that provision of this kind 
is essential. 

In the Sihpur Plant the return of the sludge from the bottom of 
the settling hopper to the re aerating chamber is by gravity ; in the 
Jamshedpur plant it is hv an air lift. This is probably one of the 
most important differences in the design of the two plants. We have 
found control of the volume of return sludge of the greatest possible 
value. From the drawing it appears that it would not. be very 
difficult to instal it in the Sihpur Plant and it would certainly be 
worth while to do so. 

The intermittent supply of sewage at Sihpur shouid-not seriously 
affect the working of the plant unless the volume pumped in at any 
one time is so great in proportion to the volume in the tank as to 
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cause short circuiting and discharge of unpurified sewage at the out¬ 
let. Continuous flow of sewage is undoubtedly convenient for even 
working of any plant, but at Jamshedpur, where tin* flow is almost 
continuous, the strength of the sewage varies very greatly at 
different times of the day. The statement by the chemist of the 
Paterson Kngineering Co* that the sewage is very strong is of no use 
for purposes of comparison as no figures arc given in support of it. 


We do not think that the hardness of the water is likely to affect 
the sludge, though this is possible. We think that probably the 
sulphates will pass out with the effluent. 

We agree with Mr. Wolfenden that the process requires supervi¬ 
sion by an expert bacteriological chemist. The system in its present 
form is certainly not suitable for small mofussil stations, which 
cannot afford to retain such a man. The full value of the system 
cannot be realized unless full value can he obtained from 
the use of its products, namely, the effluent for irrigation and 
the sludge as a fertiliser. Under suitable conditions, namely, the 
presence of a large enough quantity of sewage to justify overhead 
charges in the employment of really skilled men, suitable lands to be 
cultivated and a market for the crops, the system already begins to 
compare favourably with other systems, but it is not suitable where 
some cheap method of rendering a small quantity of sewage fit to 
throw into a large quantity of river water is required. 


CONDENSER TUBES, LOCOMOTIVE TUBES AND 

CUPRONICKEL. 


Thr President. —The careful and detailed description which the 
author has given of the manufacture and properties of cupro-nickel 
will prove of great value to those of 11 s in India, who are users of 
♦ his comparatively new material. 

Some 20 years ago, 1 was interested in a somewhat, intricate 
valve gear where the superheat and velocity of the steam were 
comparatively great and in the construction of which all yellow 
metal alloys had failed. It was decided to try to cast the parts 
from an ailoy of Nickel and Copper and although many varied 
percentages and temperatures were tried, all the castings came out 
coarse, porous and useless. It js clear that great advances have 
been made by the chemists and metallurgists since that time and T 
wish to ask the author whether modern Cupro-Nickel can readily 
be cast for small special parts, and it so whether the castings are 
(dean and close grained and whether any special precautions are 
necessary. 
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Tin* corrosion and erosion of condenser and boiler tubes is a 
difficult and com plica led problem and it is almost impossible to 
predict results unless conditions are exactly similar^ to those of 
wliicli experience lias already been gained. Some time ago I bad 
experience with a surface condenser used in a chemical works to 
condense the steam which was mingled with gases from process 
evaporators. The condenser was of the ordinary type with the 
injection water in the tubes and the gases flowing across the tubes. 
Although the tubes were of a specially selected yellow metal alloy 
they corroded through in six weeks and new replace tubes showed 
heavy corrosion in one week; the corrosion in both cases was 
considerably more marked on the side of the tube opposed to the 
flow of the gases. I’ecause of this and because time was of im 
pbrtance \ reversed the condenser connections and caused the 
gases to How through the tubes and the injection water to surround 
the tubes. Tin* efficiency of the condenser was of course reduced 
but the vacuum obtained was still sufficient for the purpose and 
after two years use, the tubes show no indication of corrosion. I 
shall he glad to learn whether the author has had experience with 
condensin' tubes in similar conditions and particularly whether 
there is any data available regarding the behaviour of Cupro-Nickel 
in such situations. There is urgent need for information regarding 
the resistivity of Cupro-Nickel to arid solutions of varying 
strengths. Sulphuric acid of a certain critical strength can safely 
be stored in Cast Don tanks, but stronger or weaker solutions 
cause ranid corrosion. Monel metal, which is a natural alloy of 
nickel 07 per cent., copper 28 per cent, and other metals f> per cent, 
lias given verv good results in a great number of eases with 
corrosive liquids, but in common with all other alloys which have ’ 
conic under my notice, it behaves differently with varying strengths 
of the same acid. Tf the author ean give any data on this subject 
it wiil be of great value to chemical engineers and to those 
interested in the machinery used in dye houses and bleach works. 

Mr. Shir Xaraj/nn .—1 believe that recently Electric furnaces have 
lieon installed at the Jamshedpur works of the Tata Tron and Steel 
Company. T would like to know if these furnaces arc being used to 
manufacture tubes of any kind. Are condenser tubes, whether of 
brass or of Cupro-Nickel, being made anywhere in India? Tf so, 
what is their relative cost? What would be the cost of producing 
brass or Cupro-Nickel tubes in India? 

Mr. If. Wolfcnrfrn .—From Mr. Cameron’s paper it appears that 
flip properties of the Cupro-Nickel alloy in the proportions describ¬ 
ed are very similar to those of Rustless Iron—I mean the. com¬ 
paratively new stainless steel in which the carbon content is very 
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low and which is much easier to work than is ordinary stainless 
sleel. Rustless iron has a finish very like silver—except that it is 
a little darker—and it is being used for all the ornamental purposes 
described by Mr. Cameron as especially suitable objects for 
Cupro Nickel. 


Rustless iron is much more expensive that stainless steel as it is 
made from carbon-free ferrochroim* which is expensive. It is being 
tried for steam turbine blades, and in this connection 1 should like 
t<>ask Mr. Cameron whether Cupro-Nickel has been used for this 
purpose? 

Also, if Cupro Nickel has been list'd for steam turbine blades 
I should like to ask for the relative costs of stainless steel, stainless 
iron, and Cupro Nickel for this work? 

Also, what are the relative costs of rustless iron and Cupro- 
Niekel for the ornamental uses described in the paper? 

I should also like to ask Mr. Cameron as to the difficulties in 
working this metal? 

Some of the greatest difficulties in turbine blades are due to the 
scouring action of the steam on the blades. What effect has this 
action on Cupro-Nickel? 


Mr. Fj. 1 VcJ)b. — “It is interesting to note that the causes of 
corrosion and consequent failure of Condenser and Locomotive 
Tubes are found operating in much the same way in steam and 
water turbines. In each case, the destructive action is brought 
about by changes in velocity and kind of flow of the fluid passing 
through the channels concerned. In Condensers and Steam 
Turbines, we are dealing with steam and with water in the case of 
Wafer Turbine. Constant changes in the magnitude and direction 
of the velocity of these fluids bring about corresponding changes in 
pressure on various surfaces with a resulting tendency to the 
formation of vacua and corresponding liberation of oxygen in a 
highly 'active form. This oxygen (hen attacks any material which 
is not perfectly homogeneous or inherently resistant to oxidation 
and this corrosion is aggravated by the abrasive action of the 
fluids employed which are never absolutely pure and, in the case of 
wafer turbines in India, very often are heavily charged with silt. 
Tn some machines, the changes in velocity are brought about 
deliberately and are controlled with a definite purpose, while in 
others, the changes of velocity occur in the form of eddies which 
ore fortuitous * but, most probably, the same kind of corrosive 
action takes place in both cases, the difference being one of degree. 

From the foregoing it will appear that the hardness of the 
Uunro-Nickel is an important feature and T should like to ask the 
Lecturer if be ran give us information regarding this and, also, 
the casting properties of the alloy. The comparative costs of 
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Cupro Nickel and say phosphor bronze in the form of eastings 
would also be useful information for consideration of the possibility 
of using Oupro-Niekel alloy for water turbine runner^" 


I tv. A. Cameron.- -1 am not aware that Electric furnaces are in 
used in India--if they arc, it will be in connection with steel plates 
and angles only. No tubes of any kind are manufactured in India 
at the present time therefore the question of 'the relative cost of 
producing tubes in India does not arise. 


(’upro-Nickel is a comparatively new alloy in the Non Ferrous 
group and has been used for purposes where a metal resistive to 
corrosive attack is desired. Nickel has the effect of increasing the 
difficulty of manipulation and the difficulty of manufacture 
obviously increases the cost of production so that alloys of a higher 
content of nickel cost considerably more than those with the lower 
content the difference being greater than would lx* indicated by 
the price of the raw material. Regarding the relative cost of tubes 
to take one most conspicuous ease Newcastle-on-Tvne Electric 
Supply Co. - where brass condenser tubes have been known to fail 
in periods as short as (5 weeks and the average life between (> to 12 
months, (hipro Nickel tubes wen* introduced and have been in use 
for upwards of !i years, their condition showed no signs "of detriment 
and no single tube failed. As a consequence of this a great improve 
meat has been effected on the working condition of this Power 
Station which also means a great saving in cost of maintenance. 
The increase in service life will only be seen when the statistics of 
years are available. There are a wide variety of uses in various 
industries for which Cupro Nickel is eminently suitable such as 
valves parts for superheated and high pressure steam, turbine* 
blading, and shrouding, pump rods, etc. 


.Mr. Webb’s remarks on the destruction found in steam and 
water turbine are extremely interesting. Blade wear is detrimental 
to efficiency and must be minimised in order to avoid many diffi¬ 
culties. Numerous experiments and tests have been carried out on 
a number of highly recommended blading materials and it has been 
found that the use of any of these depends upon six main properties 
namely— 


1. Ability to resist erosion by steam. 

2. Ability to resist corrosion. 

,‘t. Strength at high temperatures, 
t., Tost of material. 

5. Ease of production in the required form. 
0. Resistance to fatigue. 
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The materials which meet those requirements are nickel alloys 
such as Cupro-Nickel which is at least equal if not superior to any 
other available material for blading. 

With regard to its casting features, the chief point is in the 
absolute control over the pouring temperature. 

“1 am much obliged to the President for his appreciative ami 
encouraging remarks. 

“Cupro-Nickel is a comparatively new alloy and as such there 
fore it will be some time before the statistics of years are available 
of its usefulness and increase in service life but of this 1 am eon 
viueed it has real potential value to purchasers of high class pro¬ 
ducts. 


“With regard to the question of its suitability for castings, for 
small special parts, 1 believe Cupro Nickel can be used but 1 cannot 
ppeak from experience. The nickel content is an important factor 
111 the alloy. As touching condenser tubes -most of the tests for 
resistance on (hipro Nickel have been made on the So/15 and SO/20 
qualities in comparison with brass of Admiralty quality (70/MO). 
Corrosion ot condenser tubes is a continual problem with users of 
steam plant in IClectric Power Stations, and such like where high 
condensing efficiency is desired. Cupro Nickel of the qualities men 
tinned above has proved resistive to corrosion where no other metals 
would stand up. The most eouspicuous ease is that which applies 
to a Power Station in the north of Knglund where brass tubes have 
been known to fail in six weeks and the average life six to twelve 
months. In this Power Station Cupro Nickel tubes have been in use 
for upwards of three years and their condition shows no sign ol 
detriment and not a single tube has failed. 

“The President's experience in the use of Monel Metal and its 
resistance to corrosive liquids is similar to my own. For special 
cases the grade of the alloy should be specified. 

“At the present time Cupro Nickel is manufactured principally 
Into condenser tubes, locomotive boiler tubes and stay rods. 



THE 


FIFTH ANNUAL GENERAL MEETING. 

The Fifth Annual General Meeting of the Institution 
was held in the Y.M.C.A. Hall, Kingsway, Delhi, 
at 10-30 a.m. on Monday, 23rd February, 1925. 

PRESENT. 

.Mr. <\ ]). M. Hind ley (in I ho (Minin. 

,, R. I). T. Alexander. 

,, X. \. Ayyangar. 

,, II. Ilurkinslmw. 

,, 10. .1. IJ. Greenwood. 

,, I). G. Harris. 

,, K. M. Kirk hope. 

,, .1. S. Pitkeathly* 

,, (J. T. Mawson. 

Kao Kahadur S. V. Kajadhyaksha. 

Mr.T. II. Richardson. 

„ <\ II. K. Thorn. 

and M2 Oorporate Members. 

Mr. I\ Powell Williams (Secretary). 

P ROCK KOI NO, S'. 

1. Mr. <\ 1). M. llindley (President) took the Ghnir at 10 30 
A.M. 

2. Tin* Son-alary read (la* notice convening the Meeting. 

M. The Minutes of the Fourth Annual General Meeting were 
read and con tinned. 

4. The Annual Report, of Founcil and the Statement of 
Accounts, duly certified hy the Auditors, were handed to all 
Members present. 

Mr. F. J. B. Greenwood moved that the Report and Accounts 
he adopted. 

This was seconded by Mr. T, 11. Richardson, and carried un¬ 
animously. 

5. 1 It was proposed by Rao Ilahadur S. V. Rajadhyaksha that 
Messrs. Price, Waterhouse, Peat & Oo. be re-elected Auditors at a 
remuneration of Rs, 250 per audit. 
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This was seconded by Mr. G. T. Mawsoti, ami carried un¬ 
animously. 

0. If was proposed by Air. A. Cameron that the operation of 
Article 34 he extended for one year. 

This was seconded by Mr. R. Wo I leaden, and carried un¬ 
animously. f v v 

7. Jt was proposed by Mr. N. N. Ayyangar that the following 
Alembers of the Institution be elected Members of Council - 


Mr. G. Rransby Willinnis. 

FI. Buikinshaw. 

,, G. W. Eves. 

G. MeC.'Hoey. 

,, A. H. dohustone. 

,, C. A. King. 

J. W. Aleares. 

H. Nimmo. 

C. L. Cartwright. 

,, E. J. M. Hudson. 

Lt. Col. IF. del. Pollard Lowslev. 
Mr. N. N. Ayyaugar. 

,, C. Addams Williams. 

C. I?. Chartres. 

and the following 
of Couneil : - 


Mr. Iv. M. Kirkhope. 

Rao Ha had nr S. V. Rajadhyaksha 
Mr. H. P. Gibbs. 

R. 1>. T. Alexander. 

.. d. MeGlashan. 

G. T. Mawson. 

W. H. Neilson. 

C. 8. C. Harrison. 

Lala dwala Prasad. 

Mr. F. A. tladow. 

,, W. P. Roberts. 

1^. 8. Tarlton. 

.. II. P. Vidyant. 


Assoeiate Member be elected an Associate Member 


Mr. Abdul A w/Az. 

This was seconded by Rai Bahadur Mukkban Lai and carried 
unanimously. 

8. The Chairman reported that the outgoing Council had un¬ 
animously elected Mr. II. Burkinshaw as President of the Institu¬ 
tion for the year 1925-26. 

That the four past Presidents are : —* 

8ir Rajendra Nath Mookerjee, K.C.I.E., K.C.V.O. 

Lt. Col. G. H. Willis, C.I.E., Ar.V.O., R.E. 

Mr. A. C. Coubrough, C.B.E. 

Mr. C. D. M. Hindley. 

That under Article 9, the following Chairmen of Local Associa¬ 
tions are the Vice-Presidents of the Institution . 

Bengal ... ... Mr. R. 1>. T. Alexander. 

Bombay ... - » G. T. Afawson. 

United Provinces ... „ H. P. Vidyant. 

South India Do wan Bahadur A. V. Rasna-linga Aiyar. 

9. The Chairman then asked Mr. H. Burkinshaw to take the 

Chair and read his Presidential address. 

10. The President then read his Presidential address. 



ANNUAL REPORT OF THE COUNCIL 

FOR THE YEAR ENDING 31st AUGUST 1924. 

Tin* (’onnril have pleasure in presenting to the members at llu* 
FiIIli Aiituiiil General Meeting their H< k |»oi-l of t progress ami 
work of llu* 1 listitution during tin* year ended olst August !!>—!. 

MFM15F.KS11IF. 

Tin* ehanges in the membership between tbeblst August, 
and .‘tlst August, 1 ill!I, are shown in the following table 


SI 

On >. E ^ 

22 y S oj oj «- 

I S S^ 25-° 


< c y £ y ; S v 

<y £ ® £ £ 1 -O j£> 

J'y < £ cn 


Membership on 31st Aug. ! 

1923 .. .. 3 _ 2 I 28 269 2' 2HS 

■ , 

i 

Additions to 31st Aug. 

1924 .. . 5 14 44 

Less Deductions— i 

Deceased . 1 2 ' 1 

Resigned .. .. .. Hi .1 3 

l , ! 

! . i 

Membership on 31st Aug. 

1924 .. .. 3 2 32 i 260 2 325 


4 64 ! 21 678 

i 




I ! 

1 6 2 

i 


5 86 21 736 



Nett Additions during ■ 

the period 31st Aug. 

1923 to 31st Aug. 1924. .... 4 9.. 40 1 22 .. 58 


roUNOJL. 

During the vt*av under review certain alterations have taken 
place in the (Constitution of the Foiineil and Fomini It ees of the 
(’oiniyil, Mr. A. (loehran, Mr. T. S. Dawson resigned on retiring 
Irom India. Mr. .1. 1). Stuart and Mr. 1». (\ Kowhtndson resigned 
on proceeding on leave. Mr. (3. Jb Chartres, Mr. 0. II. ft. Thorn, 
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CoL H. *1< J 1 - Pollnrd-Lowsley, Mi-. K. M. KiikhojK*. Mr. C. Addams 
Williams, Mr. C. L. Cartwright, Mr. N. N. Ayyangar ami Mr. 
E. d. M. Hudson were co-opted Main hors of ('ounail. 

Mr. .1. W. Man its ronliniiad load as I ha represenlali\e of Ilia 
Council rasidant in England, 


K E I A' 1N ( 'E N r r 10 X A R V (' 10 L 10 1 { R AT I O X S. 


Sir Richard (ila/.chrook, tin* Chairman oj Ha* Kalvin Cenlciiarv 
Committee, invilad tin* Council as representing ilia Emginecriug 
Community in India to appoint a dala.ua I a as a Mamliar of ilia Coin 
jnittee of llonom-and lo ha prasani at ilia Centenary Calahralions 
in duly 1021. Tha (Nuinail appoinlad Mr. II. Uurkinshaw as IhVir 
delegate and on halialf of Ilia Inslitulion In* prasanlnd an addrassal 
Ilia Centenary Calahral ions, 


world power i’ oneerexce. 


Tin* Oovernment of India referred Ilia question of iliair ra 
prasanlal ion at Ilia World Rower Cmifeianae lo ilia Counail of Ilia 
1 list it ill ion, and as a result of Ilia Council's rceommondulioii Mr. 
d, W. Mean's was appointed delegate i-aprasant ini; Ilia Indian 
lOmpira. 

Tha lnslilulion of lOlaalrianl Engineers in London organised a 
programnia of fund ions to anlarlain overseas Engineers al lending 
Ilia World Power Conference and ins i f ad ilia Council lo apjioinl 
delegates. TJia Council iiominalad Mr. A. C. Couhroiigh, Mr. d. W. 
Maaras and Mr. II. Rurkinshaw, who were in Rutland at ilia lima 
lo ha their delegates. 


Tin* ('ounail lake lliis opportunity 
and Council of llu* lnslilulion of E 
courtesy in this matter. 


of (hanking Ilia President 
lecuieai Engineers for ils 


f STANDARD SPEC! EICATIONS. 

The ('ounail aontinuad to act as Ilia Indian ('ommiltaa of the 
British Engineering Standards Association. 

During the year ending :11st August 101*1, Ilia undermentioned 
Standard Specilicnlinns ware received for Ilia considaration of the 
('ounail : — 

No. 12—11)20- Portland ('ament. 

('. A. (ELj 5501 Draft Specification lor the Electrical Per 
fonnance of Large Electric Deaerators and Motors with 
('lass A and ('lass B Insulation Continuous Maximum 
Hating. 
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O. A. (EL) 5505 Draft Specification for the Electrical i’er- 
forraance of Large Electric Generators and Motors with 
Class A and Class B Insulation Continuous Hating with 
Sustained Overload. 

C. A. (EL) 5015 British Standard List of Terms and Defiui 
tions used iu liadio communication. 

C. A. (A) 5003 British Standard Specification for Dimen 
sions of Electric Lighting and Starter cables for Auto 
mobiles. 

C. A. (EL) 5703 British Standard Electrical Equipments 
for Motor and Generator Control (for Direct Current 
Circuits). 

C. A. (P) 0138 Draft Specification for Fuels for Heavy Oil 
Engines. 

C. A. (EL) 0349 Draft Specification for Hard Drawn 
Copper Solid and Stranded Circular Conductors for 
Overhead Power Transmission Purposes. 

C. A. (EL) 0199 B. S. S. 101 for Normal Type Tungsten 
Filament Electric Lamps. 

C. A. (EL) 0300 2nd Draft: Revision of B. S. S. 82 Face 
Plate Starters. 

C. A. (EL) 0005 Draft B. S*Specilicution for the Electrical 
Performance of Alternators of the Steam Turbine-driven 
Type with Class A and Class B Insulation. 

C. A. (EL) 0828 Draft B. S. S. for the Electrical Per¬ 
formance of Large Electric Generators and Motors with 
Class A and (Mass B Insulation. Load-with overload 
Rating. 

C. A. (EL) 0705 Draft B. S. S. for the Electrical Per 
formanee of Large Electric Generators and Motors with 
Class A and Class B Insulation. Continuous Maximum 
Rating. 

C. A. (EL) 0902 Draft Specification for Protective'Relays. 

C. A. (EL) 0945 Drafts Revision of B. S. S. 81. Instrument 
Transformers. 

C. A. (EL) 0951 Proposed Definition of Flameproof 

Enclosure (including Explosion-proof). 

C. A. (EL) 7144 Draft Schedule of Tests of Flameproofness 
for various classes of apparatus to prove compliance 
with the definition. 

C. A. (EL) 7160 Second Draft. Revision of B. S. S. 

No. 82. Face Plate Starters. (For Alternating Current 

Motors.) 
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Very favourable comments were made by the Secretary of the 
ti. E. S. A. on the excellent report submitted by the Council in 
connection with Specification No. 12—Portland Cement—and a 
copy of the B. E. S. A. letter was published in Bulletin No. T. 


INTERNATIONAL ELECTRO TECHNICAL COMMISSION. 


The Council have continued to ad as the Indian Committee of 
the F. E. C. and have dealt with a considerable number of references 
made by the Oeneral Secretary of tin* 1. E. C. 

The Government of India withdrew in 1923 the grant of £130 
they made annually for several years, and the Council are endeavour¬ 
ing to raise this amount from other sources. * 

The Council consider that the work being done by the 1. E. C. 
is of such great importance to Indio lha«t they will continue to act 
as the National Committee ol that body in India. 


JOURNAL. 


Volume IN’ of the Journal was published in April, 1921. It 
contained l!Ilf pages and numerous plates. Many of the English 
Engineering Periodicals contained reviews of tin* Journal, and the 
general opinion appeared to he that it contained papers of value to 
the Engineering profession. 


Remarks wen* also made as to the expeditious manner in which 
it was published. 

In view of the fact tint I Members are kept fully informed of the 
affairs of the institution through the medium of the Quarterly 
Bulletin, the Council decided to continue to issue only one copy of 
the Journal annually. 


LIBRARY. 


Steady progress has been made in the formation of the Library 
and the Council wish to (hank Members who have given hooks to the 


Institution. 


A catalogue of books in the Library is being compiled, and the 
Council will publish in an early issue of the Bulletin details of the 
books which are available for reference. 


BULLETIN. 

Four issues of the Bulletin were made commencing with Part 2 
in September, 1923. 

The Bulletin having met with general approval the Council will 
continue to publish it quarterly. 



150 


THE INSTITUTION OF ENGINEERS (INDIA). 
EXAMINATIONS. 


No exnminnt inns have yet been held ns I In* number of <-ju» < Ii<I ji t«*>• 
was so low I hill I he (’ouncil did not fool justified in # holding nn 
examination. 


DONATIONS. 

I >11 riii **■ ( Ik* period under review n further donation to tin* 
On pita I Funds of the Institution lias been received from (In* under 
iiii*n I i oiled donor to whom tin* I hanks of tin* Inst it lit inn hit din* 

Mr. II. II. delicti ... Rs. 1*0(1 0 0. 


AWARD OF FRIZES. 

Tin* Domicil ha\e awarded the undermentioned prize during tin* 
(car ; — 

4 

II. E. Tin* Viceroy's Prize of Rs. 500 to Mr. D. R. Macintosh 
for his Paper : 

‘•An Exnminnt ion ol‘ I he New Indian ISoiler Regulations, 
191 * 4 .’’ 

No award of the prize of f30 ottered annually l>\ the Institution 
of Electrical Engineers was made. 


LOCAL ASS(KNATIONS. 

Thet'onneil are pl<*ased to he aide to report that steady progress 
is being made by Local Associations. 

Meetings have been held regularly and a large number of Papers 
have been read a ml discussed. 


ACCOUNTS. 

The audited aeeonnts for 1 he period ending 34 s< August, 191*1, 
are appended. The accounts show that there is a detieit on the 
year’s working of Rs. .11.109-5-5 as against a detieit during the 
previous year of Rs. 11,902-5-9. 

Expendilnre has increased from Rs. 15,841-43 0 to Rs. 18,905-5 3. 
This increase is due to travelling expenses having risen from 
Rs. 015-13-3 to Rs. 3,097-10-0 audio increased rent, the Institution 
having removed its offices to larger premises at 20, Chowringheo 
Road. In other directions the expenditure has been reduced. 

Economy has been made in several items of expenditure, and the 
Council believe that within two years the income will more than 
cover the expenditure. 
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PRESIDENTIAL ADDRESS 

BY 

H. BURKINSHA W. 


President 15)1'.") I'd. 


(Jeutlemen — , 

The (Vmncil of this lnstitution ns your representatives have 
eleeled me to he jour President tor the ensuing year, and I wish to 
express niv thanks for the great honour which has been conferred 
upon me. The honour carries with it a measure of responsibility, 
and my distinguished predecessors have created a standard to which 
1 shall 1 iml it diflicult, to attain. 

Our late President, Mr. <\ I). M. Niudley, has been a pillar of 
strength since the earliest days of the Organising Committee, and it 
is much to be regretted that lie is unable to continue as our Presi¬ 
dent. for another year. It is, however, a matter for congratulation 
that in spite of the many calls upon his services we are to continue to 
receive the benefit of his invaluable advice* and assistance; 

The aims and objects for which the Institution was founded are 
very clearly enumerated in the Memorandum of Association, and 
those public spirited, sellless Engineers who formed the Organising 
Committee must find some reward for their labours in the progress 
which the Institution has made towards the goal they had in view 
during the 41, years of its existence. The first eleven paragraphs of 
Clause 3 of the Memorandum of Association might with propriety 
he learned by heart and adopted as a creed by all Engineers whether 
Members of our Institution or not. 

The Quarterly Bulletins and the Annual Report give information 
regarding the Activities of the Institution. It will he seen that these 
are very far-reaching and fulfil the purpose for which the Institu¬ 
tion exists. 

The Local Associations, Bengal, Bombay, South India, and the 
TTniteil Provinces are well established and thriving entities. The 
formation of another Local Association has been mooted and the 
proposal is receiving the consideration of the Council. 

The roll of Membership has increased from a total of 138 in 
1920 to over eight hundred to-day, and there is every reason to believe 
that the number .will rapidly increase until every qualified Engineer 
in India had been enrolled. 
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A very impoHant decision was made in January of this .year in 
connection with the reduction of tin* Entrance Fees. The whole 
question was under consideration for some considerable time, and it 
was ultimately proposed by the Oouncil and approved by tljf* Mem¬ 
bers at an Extraordinary General Meeting that the entrance fees 
should be reduced to Us. 40 for Members and Its. ,42 for Associate 
Members. In making their recommendation the Council had before 
them the considered opinions of many Members and the opinions also 
of Gentlemen fully qualified to become Members but prevented from 
doing so by the comparatively heavy inilia I payments. T would 
remind Members that moneys accruing to the Institution from 
Entrance Fees are placed to capital account and are not ap 
preprinted to meet, revenue expenses. The Institution to-dav is not 
in urgent need of capital nor is it likely to be so for many years to 
come. Tt is, however, essential for the well being of the Institution 
that qualified Engineers should be enabled to join it because then not 
only will the Institution be strengthened to deal with the purposes 
for which it exists but it will be strengthened financially and placed 
in a better position to meet expenditure chargeable to revenue. 
That the Council’s recommendations as approved by the Member 
has been amply justified is proven by the fact that in the six' weeks 
since the notification of the reduction in Entrance Fees 85 applica¬ 
tions for admission to the Institution have been received as against 
58 during the whole of the previous twelve months. T particularly 
wish to emphasise the fact that no alteration whatsoever has been 
made in the qualifications for admission to the Institution and none 
except fully qualified Engineers can ever hope to gain corporate 
Membership. 

At no very distant date Membership of our Institution will be 
i*egarded throughout Tndia as the hall-mark of the Engineer, and it 
is our bniwden duty to devote earnest attention to the whole subject 
of the education and training of engineers in Tndia. A number of 
Colleges and Technical Schools have come into existence, but until 
Institution was founded there was no standard of comparison 
And the parents and guardians of aspiring engineers had none to 
guide them. Our rules of admission to the Institution together with 
the entrance examinations have provided a safe and sure standard, 
and because of this our responsibility is very great. Tndia is at pre¬ 
sent in a transition stage, it is passing from an almost entirely agri¬ 
cultural country to an industrial country of importance. The growth 
of Industry and the development of the great mineral resources will 
necessitate extensions of the Railway systems, and all these will 
create a demand for trained Engineers. If the progress is to be sure 
it must be slow, and the rate at jrhich the country can find employ¬ 
ment for young engineers is directly proportional .to the rate of in¬ 
dustrial development. Earnest efforts most be made to ascertain 



PRESIDENTIAL ADDRESS. 


155 


iiiul to record that rate. Whether this should be undertaken by 
Government, by the Colleges and Technical Schools, or by this In¬ 
stitution remains (o be decided, but it is clearly the duty of this In¬ 
stitution to ensure that engineering students are not being turned 
out at a greater rate than that at which the engineering resources 
of the country can provide, them with practical training for the 
completion ot their education and later with permanent employ¬ 
ment. 

it is true and it is deplorable that in Europe and America and 
possibly also in India- (here are organisations which in exchange lor 
money will grant high sounding educational degrees and titles. The 
victims are in certain cases innocent but in many cases the holders 
have purchased them deliberately with intent, to deceive. This 
Institution will resolutely denounce all such organisations as 
occasion arises and w ill steadfastly refuse to recognise all such 
spurious evidence of education and training. » 

This year will mark the centenary of the birth of Railways. Tin- 
Railways are themselves the product of the skill of tin* three prin¬ 
ciple branches of engineering -Civil, .Mechanical, Electrical—and 
been,list* this Institution is representative of them all our thoughts 
naturally turn to the progress which has been made in engineering 
in general. It is less than 150 years since Watt proudly pro 
claimed :—“1 have now gotten a lathe so true in its work that the 
bore of the cylinders is now here out of truth by greater than the 
thickness of a sixpence'*-—to day it is common practice for toler¬ 
ances of plus or minus half a thousandth part of an inch to J*e the 
working limits. The progress which lias been made is indeed very 
great and it has been achieved not by the engineer alone but by 11n¬ 
closes! co-operation with the Scientist. We owe nearly all to the 
Physicist, the Chemist., and the. ^Metallurgist, and we can make very 
little further progress until they give us some new law or material 
to work upon. It is perhaps not very greatly to our credit that we 
art* still unable to utilise t.bc Latent, Heat, of Steam in our prime 
movers and the problem does not. appear to be near of solution. 
From width direct ion the next great, advance will come it is im¬ 
possible to predict, but whether it, comes by the liberation of atomic 
force, a more direct conversion of beat to electricity, or by some 
channel not even yet indicated, we must be prepared to receive it, ft* 
master it, and to turn it to the useful service of humanity.* 

I have referred to tin* close co-operation bet weep the Engineer 
anti the Scientist, and l wish to indicate that there appears to be 
need tor us ft* eon let* with the Biologist, more especially with the 
Bacteriologist will) whom we have had ft£W dealings in the past, ex¬ 
cept in the puritieation of water and the treatment of sewage. Tlie 
decay anti corrosion of building and other structural materials has- 
been acceptetl by us as inevitable, we try to prevent it, we succeed ill 
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delaying it, aud in somewhat vague terms we blame u chemical 
action.” It is known that many bacteria commonly present in soil 
and water are able to produce such powerful destructiveagents as 
sulphuric, nitric, acetic, aud carbonic acids. These, although formed 
in small quantit ies are yet able, by their action over long periods of 
time, to produce serious effects both upon metals and upon stone or 
cement. 


Soil and water bacteria are also destructive to timber, more 
especially if imperleclly seasoned, and the by-products of bacterial 
action upon such lumber are frequently destructive to metals in con¬ 
tact witli them. Further instances might be cited among which is 
the spontaneous combustion of coal. This is probably due to bac¬ 
terial fermentation and requires investigation with a view to deter 
mining the possibility of preventing its occurence by methods based 
upon recognition of its bacterial origin. In dealing with the problem 
of fhe destruction of materials by weathering and decay, more exact 
information should be obtained as to the underlying causes and the 
conditions favourable to their action. Such information can only 
become available as the result of collaboration between the Engineer 
and the Bacteriologist,, which should result in the concerting of 
measures suitable for the prevention of bacterial action. Our In 
stitution should encourage research in this and kindred subjects, 
and 1 look forward to the time when we shall be in the position to 
undertake such work and to defray the cost from our own funds. 


The Oivil Engineer has been iu India for centuries, the Media id¬ 
eal Engineer for comparatively few years, and the Electrical 
Engineer has only just arrived, but the conditions pertaining in 
India at present are such that the period in which we live may be 
looked upon as the renascence period of Engineering in India. Our 
Industries are growing aud our Engineering works are cautiously 
expanding to meet, the new' needs. The onus for success rests upon 
the shoulders of Engineers aud therefore upon the Members of this 
Institution, and if we are to progress surely we must standardise. 
The whole idea of standardization is, broadly speaking, repugnant 
to the Engineer. Ilis whole attitude of mind is against it due to his 
training and his inventive instinct, but the price he has paid for ex¬ 
perience coupled with his sound fundamental common sense has led 
him to standardise wherever possible. This Institution is the 
organisation in India of the British Engineering Standards Associa¬ 
tion aud of tin* International Electro technical Commission. These 
bodies have established standards which have proven good, and they 
should be adopted by us whenever possible to effect economy and to 
improve*efficiency. The closest and most unselfish co-operation will 
he needed among Members to establish new standards in India 
from time to time as circumstances may prove to be expedient. 
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One of the most, important objects of this Institution is to 
diffuse among its members information affecting Engineering and 
this can best be achieved by the reading of papers and by discussions 
upon .them. The volumes of the Journal of the Institution contain 
records of which we are justly proud, and it must be our earnest 
endeavour to maintain that high standard. The Engineer in India 
has opportunities which are given to few. Very early in Ids career la* 
is compelled to take responsibility and to utilise to the utmost the 
knowledge of the theory and practice of engineering acquired during 
his training. Although he may he compelled to specialise and to he 
expert in one particular branch yet throughout his career he must 
retain a catholic knowledge of engineering in general and keep 
abreast of the times. The amount of specialised invaluable know 
ledge in the possession of .Mem hers of this institution is incalculable, 
and it is of vital importance to the welfare of Engineering in this 
country that that specialised knowledge should lie accessible to«the 
Engineering community. Until this Institution was founded there 
was no convenient and suitable channel along which information 
could How and much knowledge remained as a personal possession 
or was buried in inaccessible tiles and olliee records. The work of 
the engineer is almost entirely constructive, and if is almost im¬ 
possible for a description of it to be completely impersonal. In 
these circumstances, many Members, with a modesty unusual even 
among Engineers, have expressed their reluctance to become authors 
of papers hern use they fear the stigma of self advertisement. It 
should not he noeessnry to re assure them on this point, and it is 
greatly to he desired that they will commit their knowledge* to paper, 
so that through the medium of this Institution it may bo placed at 
the service of their follows and bo permanently recorded for tin* 
guidance of posterity. 

Tin* senior Institutions in England recognising that the institu 
lion of Engineers (India) is representative of the groat community 
of Engineers in this huge country conveyed to us, through the 
medium of the Kelvin On tenary Committee, an invitation to parti 
oipate in the celebrations to commemorate the hundredth anni¬ 
versary of the birth of the great scientist. Lord Kelvin. This signal 
honour is one of which this Institution is very proud, and that it 
was my great good fortune* to he nominated as your dedegate on 
that occasion is a menuvry which T shall cherish together with that 
of the* hemour which you have conferres! upem me* te> elay in electing 
me as your President, 
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The Fifth Annual Dinner of the Institution was 
held in Maiden’s Hotel, Delhi, on Wednesday, 
25th February, 1925. 


Mr. II. Iturkinslmw, Presideut, presided. 

The President proposed the toasl “ The King Emperor. 
TJie President in proposing the toast “ Our (luesls,” 




said : 


(leutlemen,— 

A eynieal philosopher has recorded that three things in life are 
difficult. of attaininent : — being poor to obtain jus(ice ? being rich to 
escape Hattery, and being luniian to avoid the passions. Our guests 
to-night are concerned with none of those, things, but I would warn 
them of a fourth which is more titan dillieiilt, it, is intact im 
possible, that is, being civilised to escape tin* Engineers, 

Tin* llon'ble Sir Charles limes, wlio honours us with his 
presence this evening, is responsible for the great departments of 
Railways and Commerce. The Railway P.udget which our guest 
has recently presented in such it masterly fashion lists given us si 
glimpse of the magnitude of a portion of his task. What the sum 
total must be it is impossible for us to hazard, for under the guise of 
Commerce are such items ns the Major Ports, Customs, and the 
consideration of a Tariff which, whilst producing revenue for the 
country's needs, slutII provide protection for key industries without 
placing too great a burden upon Commerce. 

Railways and Commerce are to a great, extent based upon 
Engineering, and Sir Charles I lines has for many years taken a keen 
interest in the work of the Engineer in India and has viewed with 
sympathy (In* aims and objects of our Institution. 

We welcome this opportunity of expressing our appreciation of 
the interest, and sympathy which he has extended In us and we 
assure him of our loyal support in the great work which helms 
undertaken. 

We extend a most cordial welcome to The llon’ble Sir 
Jihupendra Nath Mitra, who is in charge of the important depart¬ 
ments of Industries and Labour. With him we associate another 
most, welcome guest, his trusty henchman, Mr. A. II. Ley. 
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Sir 1 *li it | >< * ji < 1 ra Xm Hi Alii hi is a (Jianl of Finance combining 
knowledge of iiis subject with great personality ami breadth of 
vision lo such a degree llial lu* not only unravelled (lie tangled skein 
of war aeeounls but also completely captivated Army Head 
Quarters. We, Engineers, depend I’m- onr very existence almost 
entirely upon the prosperity of Indnslry and the contentment ol’ 
Laliour. \\ r t» are satislied to leave onr great interests in their 
capable hands heeanse we know that tinware in sale custody whether 
il he tin* duly upon our si eel or the duty towards our Labour. 


This is the lirst occasion on which our Annual (icneral Alerting 
has hemi held in Delhi, and many of us have seen the new Imperial 
Filv for the lirsl time during the last few days. Our admiration 
has been won by the work of Sir Edwin Lutyens and Mr. 11. linker 
who planned and designed that magnificent project. It is now under 
construction by Engineers and will shortly be leady for those who 
we are sure will be w<dl titled to occupy it. II is \er\ titling there¬ 
fore and very gratifying to us that Air. Abbott, Fhief (Commissioner 
for Delhi, has been able to be present with us this evening. We 
hold his coming for a happy augury. 


It is indeed a pleasure lo welcome ns our guest (Icneral Sir 
Edwin Atkinson, for lu* is not only a most distinguished Soldier 
bill also an eminent Engineer. 11 is long connection with the 
Thomason Foliage, Koorkce, places him as a great authority on the 
vexed question of t he education and I raining of I he Engineer in 
India. The present successful organisation for .Military Supplies 
in India was devised by our guest, and as Alaster-(Jeneral 
of Supplv he is in charge of the Ordnance Factories as 
well as the supplies of e\er\ kind for tin* Army, (icneral 
Sir Edwin Atkinson is at once an Engineer, an employer 
of Engineers, and a user of engineering materials. We hope that 
when In* is wearily scanning those long lists of indents that his 
labours will be a little lightened by the happy thought that every 
item is providing a little work for deserving Engineers. 


Our welcome to Sir (ieolfrey Flarke is tinged with regret because 
this is tin* last occasion on which we shall have the pleasure of 
entertaining him as our guest. lie is about to leave India; his 
work remains as his monument. The Post and Telegraph Service 
in India has been raised ton state of efficiency that bears comparison 
with that of any other country. During his long period of office as 
Director ! intern I ol Posts and Telegraphs, Sir Geoffrey Flarke has 
fearlessly adopted our latest inventions immediately that we have 
been able to demonstrate that their adoption would be of lienetit to 
the public. 
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Only ton rawly do we liml an opportunity of admitting our 
deld to (lie Indian Medical Services, and in welcoming Sir Charles 
Macwaft, we admit that though we have provided X-Rays, Radium, 
line steel for instruments, and other aids to their skill, yet these are 
a small weight in the balance of debt.' Those who remember the 
epidemics of disease in labour settlements UO years ago and know 
the conditions of those settlements to-day will realise the magnitude 
of our debt. The Indian Medical Services conducted many of us 
safely into the world and enable us all to live in it. 


We much regret the unavoidable absence of Sir Peter 
riutterbuck, who at the last moment has been prevented from being 
with us to-night, but we none the less take this occasion to record 
our appreciation of the services which the Forests Department, has 
rendered and is rendering to Engineers. There is no more useful 
timber than teak, our paints would be useless without turpentine, 
we con hi not have leather belts without tan barks, and our rivers 
would turn into unmanageable torrents if their catchment areas 
were denuded of forests. 


We, Engineers, are held*in check and our enthusiasms thwarted 
by the certain knowledge that we must ultimately face finance and 
suffer under audit. Without these cold calculating implacable 
twins we could accomplish much, there* might even be a bridge 
across the* Flooghly. To-night these* dread powers'"are shorn of their 
terror, and justice is tempered with mercy, because they are re¬ 
presented here to our very great pleasure by Sir Frederic Gauntlet! 
and the TTon’ble Mr. McWa tiers. 

We have oye other guest with ns to-night for the last time as a 
guest, on another occasion he will he present as a host, Colonel 
Hopkins, whose name is one to conjure with in Railway circles, is a 
member of our craft and is about to become a member of our 
Institution. 


Since the very beginning of the Institution of Engineers, tin* 
Dress has been very kind to ns and once a year we are privileged to 
offer hospitality to its representatives. Secretly we stand somewhat 
in awe of the Press because in it we recognise the only dynamic 
force which cannot he curbed or controlled even by Engineers. 

Onr hard working and popular Secretary is with us as a guest 
to night, and it is with much pleasure that we take this opportunity 
of expressing our appreciation of the work which he has done for 
our Institution. 

We extend a most hearty welcome to all our guests and we 
record the honour that their presence confers on us. 

It is now my pleasant duty to propose the Toast of pur Guests 
coupled with the name of Sir Charles Innes. 
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The non’hie Sir Charles limes, in responding to the toast “ Our 
Guests ” said :— 

“Mr. Hurkinshaw and Gentlemen,—l must first thank you on be¬ 
half of my fellow guests and myself for this very excellent entertain¬ 
ment and for the very kind way in which you have drunk our 
health. Mr. Hurkinshaw said that this was the first occasion ou 
which the Annual General Meeting has been held in Delhi. My 
fellow guests and I hope that if only you will ask us again to 
dinner, the Annual General Meeting will be held every year in 
Delhi. Mr. Hurkinshaw said that it is impossible fora rich man to 
avoid flattery. I feel that his remark does not apply only to the 
rich man. I am not a rich man. I am a poor man, but to-night I 
have not avoided flattery. But I have one complaint against Mr. 
Hurkinshaw. He made a mistake in selecting me to reply to this 
toast to-night. T have spent, the whole day fighting with my hack to 
the wall in the Assembly. Mv non’ble colleague on mv left has sat 
smiling in his seat. Had he been asked to speak to-night, he would 
have had time to prepare a speech worthy of the occasion. Whereas 
T am afraid that T shall have to give you just the ideas that come 
into my head as I speak. At the same time it is a great pleasure to 
have the opportunity of replying to this toast. T have had a lot to do 
with engineers in India and have always taken a great interest in 
engineering. T do not know whether you, Sir, and the others 
present to-night know the quatrain—written T suspect by a member 
of the Educational Service—in which engineers and the I. C. S. are 
coupled together. Tt runs as follows 

‘The D. 1*. W. are hardly people to trouble you. 

‘Hut F like much less the T. C. S.’ 

You see. Sir, we are companions in misfortune. It is a fact 
that like most members of my service, T have come much into con¬ 
tact with engineers and engineering works. 

At the very outset of my career in Tndia the great work that 
engineers had done for Tndia was brought forcibly home to me. My 
first district was the Madura District in the Madras Presidency—a 
district which has been transformed by irrigation. Moreover, not 
long after T joined the district, T was sent on duty to the headworks 
of the Periyar Irrigation system. T was amazed at what T saw in 
the middle of the Travancore ITills. Tt was my first experience of 
the imagination—T might almost sav the impudence—of the 
engineer. T found a mighty river literallv turned back in its course 
bv one of the biggest dams in the world. Tt had been prevented 
from following its age-tong course to the west coast and had been 
turned back to convert the arid wastes of the Madura District into 
smiling fields of paddy. Tt was in the Madura District too that T 
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first made the acquaintance of a very* distinguished engineer—an 
engineer who had helped to build the I’erivar dam and who in the 
building thereof had had many strange experiences. That engineer 
confided to me once that if he had the ordering of his own life he 
would put himself in charge of an irrigation system, lie would like 
to work out the project himself and would stipulate that he should 
have all the money he wanted and should not be interfered with. 
He has not quite realized his ambition, but he lias gone very near it. 
lie has been for many years in charge of a great engineering work, 
he has had ample money to spend, and a fairly free hand. The 
engineering work is New Delhi and the engineer a prominent mem¬ 
ber of the Institution who is present here to-night, Sir Hugh 
Keeling. In my next district, Malabar, the same lesson has been 
brought home to me. When T was Collector of Malabar in 1911, I 
came across by chance an old report written by Sir Clements 
Markham. Sir Clements Markham introduced the cinchona tree 
into India and in the early sixties he visited the Cinchona Hills, 
i.e., the Malabar and Nilgiri, Wynaad, to see how the trees were get 
ting on. Tie wrote an account of his tour in Malabar, Wynaad, and 
from that account T was able to see in 1911 how greatly that part of 
his district had advanced in 50 years. Roads had been built and 
rivers bridged, and if was the work of the engineer that had 
rendered possible the great development that had taken [dace in 
the cultivation of ten and other products, lint T believe that the 
railway engineer has rendered as great a service to India as tin* 
irrigation or the civil engineer. Tt is to the railway engineer that 
we owe flu* 88,000 miles of railroad that we now have in Tmlia. Of 
the many distinguished railway engineers I have met, T will men¬ 
tion only two. One is the late Mr. Bell, who was Consulting 
Engineer for Railways to the Government of India far back in the 
nineties. Tlis name will always be remembered in connexion with 
‘Hell’s Ruuds.’ At one period of his career he was engaged in build¬ 
ing a big railway bridge in the Punjab. While he was building it, 
the ( { iril and Military Gazette . Lahore, sent out an officer on its staff 
to write an article on the bridge. That officer was Mr. Rudyard 
Kipling, and much of what he had seen appeared many years later 
in his story ‘The Bridge Rudders.’ Perhaps Mr. Bell was the 
prototype of Findlavson in that story. The other railway engineer 
is a distinguished past President of the Institution, Mr. Hindlev. T 
am now working in close contact with Mr. Hiudley. Mr. Burkin- 
shaw has mentioned the Railway Budget which I have, just in¬ 
troduced. Tf that Railway Budget sIiown an improvement in the 
working of these railways, the credit is largely due to Mr. Bindley. 

I must apologise for this frivolous speech; but before sitting 
down, I should like to steal just a little of General Atkinson’s 
thunder. 
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1 should like to congratulate this Institution on the* work which 
it has set out to do and which it is doing. We are living now in a 
time of change. I say nothing about tin* time and pace of that 
change. Hut everything is in a state of Hux. Tin* change is taking 
place. The engineering profession will more and more have to 
depend on itself for the maintenance of its professional standards, 
and I believe that there is a great future before this Institution. 
We all know what liritish Engineering Standards have done for the 
reputation of Ilritish steel. Similarly I hope that Membership and 
Associate Membership of this Institution will more and more come 
to he regarded as the hall mark of the engineer in India. 1 hope 
and believe that this Institution has a great future before it in the 
maintenance of standards of engineering training and standards of 
engineering conduct. 1 hope, and I am sure that my fellow guests 
hope, that this Institution will flourish and that as the years go on 
it will go from strength to strength. I have done. Once more I 
thank you for your kindly reception of us to-night.” 

Proposing the toast of the “Institution of Engineers (India),” 
Major-Ceneral Sir Edwin II. de V. Atkinson said : — 

There are several reasons, why it is not only an honour lmt a. 
great personal pleasure to me to propose the toast of the Institution 
of Engineers (India). 

Firstly, as a Royal Engineer l can say not only for myself 
but for my brother officers how strongly we still feel the bond of 
union and debt of gratitude due to our civilian step brothers, who 
came forward so resolutely not only to the help of their country in 
the Oreut War, but to the aid of the Corps of Royal Engineers. So 
through your Institution, 1 send them this message of regard, grati¬ 
tude, and thanks. 

Then, to tin*, many of the members, I think, 1 can feel a fatherly 
feeling as I was for lli years Principal of the Thomason Engineering 
College, Roorkee, a position, 1 only relinquished to go to France. 
In those long passed days the idea of an institution in India was 
one of my ideals. It, however, was a hard row to hoe, and 1 felt 
that it was only possible by starting local associations in a small 
way. Turning up old volumes of the Thomasoniaii I tind the first 
meeting of the Thomason College engineers was held on 8th .Tulv 
1913 to inaugurate the Association and pass the Rules. I may say 
that the maximum and minimum yearly subscript ions were modest; 
Rr. 5/- and Re. 1/-, blit to the best of my memory they were hard to 
collect. 

I was then away at the War, and on returning to India in 192.1 
J was surprised and pleased to find what a fine strong young 
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Association liad sprung up in my abscflfce, whose health I am to 
have the privilege of proposing. 

Now, Gentlemen, there are two points I woi\l<l like to 
emphasize. They refer ill general to all engineering educational 
institutions in India, but I may he pardoned, if with my special 
connections, I especially appeal for the Thomason College, lioorkee. 

Those o»f you who are alumni of that College will know how 
sincere and honest was my zeal in endeavouring to ludianize the 
engineer profession in India. Rut fhat ludianizatioii must he a 
success, and to be a success Indian students must be trained and 
turned out up to the highest standard produced in Great Rritain. 
Now, though a few favoured students may succeed in proceeding 
Home to obtain the best that Rritain can give, the majority must 
get their training in India. It is up to India to give them the best. 
This can only be done by providing the very best, class of ttiitional 
staff, who cannot only impart the highest technical teaching but 
also those ideals of discipline, exprit da corps, and high standards of 
professional zeal and conduct, which it is the aim of your Associa¬ 
tion to maintain. I do not for a moment, suggest that there are not 
Indians completely lifted to carry out the above objects, but they are 
at present not too numerous, and the best are wanted for practical 
work. In my opinion, to make a success of ludianizatioii, for some 
time at least, a large portion of the professional staff should be (he 
best Britain can supply. So 1 appeal to any of you, who have the 
influence, to see that the politician does not have his way; that he 
does not say, here are some appointments to till, our numerous 
friends want jobs, put them in. 

Secondly, Gentlemen, 1 urge that you should earnestly dig 
in your toes as to standard. There is a sad tendency in various 
places to lower standards, to let more men pass. The pre-War 
standard was high, and I urge on you to combine in every way to 
insist on the very highest standards being maintained in our 
engineering colleges. 

I have detained you rather long, and now, Gentlemen, this, I 
believe, is your fifth birthday, and may the wisdom and enthusiasm 
with which you in such a short time have turned the young child 
into a stout young man continue till the grave and beneficent grey 
beard will be looked up to with feelings of thankfulness and 
reverence not only by the engineering professions but by a grateful 
India. 

Mr. C. D. M. Hindley, in responding to the toast “ The In¬ 
stitution ” said :— 

Mr. President and Gentlemen,—In the name of the Institution of 
Engineers I have to thank y6u for the very cordial way in which this 
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toast has been hououml. I iflso wish to express our very great 
appreciation and gratitude to Sir Edvviu Atkinson for his kind 
words regarding the Institution. I have been somewhat unfortu¬ 
nate in my term of office as President of this Institution because in 
somewhat similar circumstances as are prevailing in Delhi at this 
moment I was unable to take my proper place at the head of the 
table at the Annual Dinner last year. I am in the unique position 
to-night, of being tin* only past President here, and it is therefore my 
privilege to reply to this toast. 

If is very gratifying to have such warm words of appreciation 
from a distinguished Royal Engineer, whom, I think, 1 may describe 
as the representative of the great Dorps of Royal Engineers. We on 
our side are extremely grateful, and indeed we cannot express 
sufficiently our gratitude for the work which that Dorps has done 
in India and elsewhere, not only from the point of view of the magni- 
tnde of the engineering works, which they have carried out, hut, 
also for the high standard which they have laid down in India-- 
the standard of professional work and of professional com!net. 
And here J wish to say how very glad we are that both Sir Charles 
I lines and Sir Edwin Atkinson have appreciated so dearly the main 
object of our Institution, the object which rings out clearly through¬ 
out our Articles of Association like a trumpet call. The object 
always in front of us is to establish and maintain high standards of 
professional work and professional conduct in India. At, this 
moment the Institution of Engineers has before it a vast held. At 
this moment we have really come into our full heritage because I 
think 1 am divulging no secret when 1 tell you that the Council have 
before them at the moment applications for membership of such 
numbers that we can hope at an early date to swell our membership 
to something like 1,000 members. 

Now, Gentlemen, when we reach the figure of a thousand mem¬ 
bers, which I firmly believe we shall in the course of the next few 
mouths, we shall have attained a very definite point in our career. 
We have achieved what the founders of the Institution were 
looking forward to possibly in tlie distant future. That future. 
Gentlemen, has arrived, and the strength which a large member¬ 
ship gives us is in our hands. There is only one object with 
which we press forward, and that is based on the firm determina¬ 
tion to maintain our standards. In the first place we have to main¬ 
tain resolutely the standard of qualification for membership of the 
Institution. Nothing must deter us from maintaining this high 
standard. Secondly, as General Sir Edwin Atkinson has very 
clearly indicated we must launch out atjp early date on an active, 
policy of maintaining 1 proper standards In the Engineering Colleges 
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anti Institutions of tliis country. This is going to be no easy task, 
but 1 believe the Council has already in hand certain proposals which 
will work in that direction. 


It is perfectly certain that what we have started to do can be 
achieved if we all put our hands to it. What we want to do is to 
ensure that the future engineers who are being educated in 
this country shall come up for membership of this Institution 
with a proper standard of education. We have laid down certain 
definite standards for education and for practical training. We 
shall have* our own examinations for the theoretical side and the 
educational side of the test. We have made certain exemptions 
from that examination, of degrees and diplomas from certain 
colleges and institutions. We shall very jealously watch the 
extension of these exemptions, and we hope by that means, 
although the task may seem difficult, to influence the standards 
which the colleges and institutions maintain in their examinations. 
That, Gentlemen, is tin* practical policy which the Council 
have before them and it is up to every one in his own sphere 
to assist in that policy. Sir Charles Ilines has said that the present 
is the time when such action is essential, when the carrying out of 
public works is being passed on more and more to Provincial 
Governments and local authorities, it is up to members of this 
Institution constantly to place before those authorities the fact that 
properly qualified engineers are necessary to the proper carrying 
out of public works. This is the task which individual members can 
perform probably in a very much more effective way than the Insti¬ 
tution as a whole. Individual Members come into contact with local 
authorities and local Governments and it is up to every one of them 
consfantly to use their influence in that direction. 


I think that members will feel that this occasion, when for the 
first time the Institution has allowed itself to come to Delhi, should 
be marked by a very definite move forward on the part of the Institu¬ 
tion. Possibly members who have visited Delhi from far distant 
places will carry away with them some idea of the meaning and ad¬ 
vantages of a central organization such as exists in the Capital of 
t he Central Government. The Institution itself is based on a 
federation of local Associations, and as we have always said, the 
strength of the Institution lies in the local Associations. Hut it is 
very essential that members in outlying parts of the country and 
belonging to the local Associations should realize the necessity 
for a strong central organisation such as is provided by our Council. 

Gentlemen, I iam in danger of straying away to the subject of 
local Associations which Mr. Harris is about to take up. I will 
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only again thank you for tin* vary kind way in which you have re¬ 
cognized the work of the Institution and the good wishes which you 
have expressed towards us. 

Mr. D. G. Harris proposed the toast “ Local Associations.” 

Mr. It. 1). T. Alexander (Bengal), Mr. G. T. Clawson (Bombay), 
Mr. U. J. 11. Greenwood (South India), and Mr. ltaja Kant (United 
Provinces) responded, and gave an account of the work in their 
respective places. Mr. Greenwood extended an invitation for the 
Annual General Meeting to be held in Madras, the senior Presidency. 
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THE SEVENTH 

ANNUAL GENERAL MEETING. 


The S cventh Annual General Meeting of the Institution was 
held in the Seamen's Institute, Ballard Estate , Bombay, 
at 11 a.m. on Wednesday, 1st December 1926. 


!'K10S10NT : 

M r. II. I< iibbs (in 1hr < 'limn. 

W. II. Wilson, 
iaeut. < ‘nl. < i. II. W illis. 

.Mr. A. <\ (\»ubrougli. 

.. <; \V. I Acs. 

<i. E. lirighi. 

Alltvd Lines. 

T If. Kieh.irdsuii. 

,, (’. Y. Krislmasw ;i in i l’hrll\. 

K. .1, II. < in en wood 
hewan Ua 1 1 : m • nr K. K. IJodboIe. 

Kao Ha had nr S. V. Kajadhxakshu 
Mr. N. X. Axyangar, 

\ .1. ( hirsei ji. 

K. d. M. Hudson. 

<J. T. Maw son. 

.'■I ('orjtorafe Members .ind ,Mt. 1 . Powell Williams 
l Secretar\ i 

PKnrEIOlHNtiS. 

Mr. 11. P. (iihlis took 11m Elmir at M \.m. 

Tim Secretary rend tin* Xoliee convening the Meeting. 

The Minutes of the Sixth Annual (Jeneral Meeting were read 
and eon tinned. 

//( ») I. - The Annual Report of the Pouneil and the Statement of 
Accounts duly cert i lied by the Amlitors were handed to 
all Members present. 

It vras proposed In, Lieut. Pol («. II. Wallis that the Animat 
Report of the Pouneil and Audited Aeeounts be 
adopted. «.■ 

This was seconded by Mr. A. Coubrough and carried 
unanimously. 


1 





Item -II, av ns proposed by Rai Bahadur Amarnath Nanda Miiib 
Messrs. Price, Waterhouse, Peat and Co., be r^eleelod 
Auditors at a remuneration of Ks. :».“() per audit. 

This was seconded by Mr. (1. W. Kves and carried un¬ 
animously. 

Hem J. -It was proposed b\ Mr. Alfred Lines— 

(1) Mml the following .Members o| the institution In* re- 

eleeted Members of (Council : — 

Mr. R. I). T. Alexander. 

,, \. „\. Ay van^ar. 

(•:. A. It. Greenwood. 

.. i:. .1. M. Hudson. 

A. II. .lohnstone. 

La la .Iwala Prasad. 

,, K. M. Kirkhope. 

., .1. MeGlash.m 
.. \V. P. Roberts. 

Lieut.-(VI. <L 11. Willis. 

(2) that the followin'; Member elected a Member o| 

(Council 

Mr. Percy Rot hern. 

This was seconded l)y M r. C. V. Krishnasuami (’hefty and 
carried unanimously. 

Item Jf .—Tlie (’hairman reported- 

(1) tliat the Council had unanimously elected Mr. W. H. 

A’eilson as President of the Institution of engineers 
I Indiai, for the year l!>2<>-27. 

(2) that under Article !• the followin'; Chairmen of Local 

Associations are the Vice Presidents of the Institution: 

Bengal ... ... .Mr. J. MrGlashan. 

Bombay ... .., ,, N. N. Ayyangar. 

United Provinces . Raj Narain. 

South India Col. 11. Cartwright Reid. 

(21 that the four past Presidents are: — 

Mr, A. C. Coubrough. 

Sir Clement Hindlev. 

Mr. IT. Burkinshaw. 

Dewan Bahadur A. V. Kamalinga Aiyar. 

/iom -5.—The Chairman then asked the President to take the Chair 
and read his Presidential Address. 

Item 6 .—The President then read his Presidential Address. 



ANNUALTtEPORT OF THE COUNCIL. 

For the year ending 31st August 1926. 


Tin* Council have pleasure m presenting 1o tIn* Members at tire 
Seventh Annual General Meeting rbeir Keport of (Ik* progress anil 
work of tin* I list il n 1 ion during tin* year ended iil st Vngnst 


MCMUKRSmi'. 

The chances in the Membership he!ween the :;is( August 1025 
and .'list August I02(», are shown in t he following table: — 
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COUNT! L. 

During the year under review eertain alterations have taken 
place in the Constitution of the Council. Mr. A. W. 1*1. Standiey 
resigned on his retirement from India. Id. Col. Pol la rd-Lowsley, 
Messrs. A. A. Diggs and W. H. Fraser resigned on proceeding oil 
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leave. Mr. 0. E. Ill icit was eo-opted (u lill (he vaeauey eaused 
by the retirement of Lt. < -ol. Pollard Lowsley and was subsequently 
eleeted a Member of Couneil at the Sixth Annual General Meeting. 

Tin* Council made the following appointments to the Com¬ 
mittees of the Council 

Sir E. Austen Endow and Mr. II. Rurkinsliaw lo the Papers 
Coimnittec. Mr. II. Kurkinshaw lo the Electro Technical Com¬ 
mittee. Mr. K. M. Kirkhope and Mr. Alfred Lines to the Applica¬ 
tions Committee. Messrs. C. Addams Williams, 11. 15urkiuslun\ 
mill T, II. Richardson to the Finance and Administrative Com¬ 
mittees. Mr. Alfred Lines was ro opted a Member of the 15. E. S. A. 
Committee to act for Sir V. Austen lladow during the period of his 
absence on leave. 

Mr. J. \Y. M cares continued to act as I he representative of the 
Council in England. 

The Council regret to report tin death of Mr. L. Cartwright 
who had neon a Member of Council since March IP2I. 


RFC 1ST EKED OFFICE. 

The Registered Ollice of the Institution of Engineers (India) 
was transferred on the 1st of duly Ib2<>. toN. Esplanade Row, East, 
(’a lent ta. 

ST A NI > A RI) SI* E< ’ I Fit 'AT IONS > 

The Council continued to act as the Indian Commit (cc of the 
I’ritish Engineering Standards Association and during the period 
under review received a considerable number of Specifications. 


INTERNATIONAL ELECTRO TECHNICAL COMMISSION. 


The Couneil continued to act as the Indian Committee of the 
International Electro Technical Commission. 

The Council were invited to send a representative to the 
United States of America for the Conference held in April 11120. 
Owing to no funds being available to meet tin* consequent 
expenditure the Council were unable lo nominate a representative. 


JOURNAL. 

Volume VI of the Journal was published early in July 192G, 
and contained Papers of unusual interest and of great value. The 
ahaugeinent of the Journal has been altered, so that each Paper 
is followed by its own plates and by the discussion upon it. 
Although the hulk of the Journal is less than in previous issues, it 
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actually contains a. greater number of pages and the reductioif in 
bulk has been effected by the adoption of a thinner and more 
suitable; paper for the plates. 


15ULLETI NS. 

Eulletius Nos. 10, 11, 12 ami 1.'! were jniblished during the 
period under review and contained particulars of matters of 
interest to (he Members of tin* institution. 

ISSUU OF PAPERS. 

i)ming the tear under r»‘\ i«*\\ the new procedure sanetioned 
bv the ('ouneil for circulating and reading Papers was adopted. 
Under this proeedute, all Papers accepted for reading before the 
Institution are printed and copies in proof form are sent to all 
Honorary Life .Members, .Members, Associate .Members, Associates, 
Students and Subscribers, so that they receive them at least two 
weeks before the Papers are read at the nearest local centre. The 
procedure has enabled all connected with the Institution to take 
an active part in one of the principal objects for which the 
Institution was formed. 


E\ A M 1 NATIONS. 

No examinations have vet been held, A definite panel of 
examiners has been arranged, and as soon as sullieienl candidates 
offer ihemsches for examination, an examination will be held. 
Of 15 applicants for Purpura I c Membership who have been 
informed that they must first pass (he Associate Membership 
Examinni ion, only .*’> have applied to sit at the examination. 


AWARD OF PRIZES. 

II. F. The Viceroy's Prize for tin 1 year I92.~ 20, has not yet 
been awarded, bill it is under the consideration of the ('ouneil. 


ALTERATION TO ART IDLES. 

It has been the custom in file past to hold the Annual General 
Meeting in February in each year; Inti this was found to be 
inconvenient as a great many Members are unable to leave their 
headquarters during that month. The Institution, therefore, 
passed a Resolution at an extraordinary General Meeting held on 
80th March, 1920, ami continued tit another Meeting held on lfjth 
April 1920, altering the Articles of Association, to enable the 
Annual General Meeting to be held in November, December or 
January. 
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LOCAL ASSOCIATIONS. 

During the year tilt* Local Associations lia.v<* <1>nti lined to 
increase in strength an<l a considerable number of meetings have 
l)een held by fliem. The Council have sanctioned I lie expansion of 
the territorial houndaries of each existing Local Associalion, 
which when effected will still furl her increase their strength. The 
formation of a lilt h Local Association which has also been 
sanctioned b\ ihet'onncil will result in nenrlv every Member, 
Associate Member, Associate. Student and Subscriber, being 
attached to a Local Association. 


A(M 'OE NTS. 


The audited accounts for the period ending bis! August, l!V_MJ, 
are appended. The accounts show a delicil on the year's working 
of its. 

The considerable increase in the Mcmbeiship of the Institution 
together with a marked giowlli in the activities and work of the 
Institution haw* uat urallv resulted in increased expenditure under 
many ol the items of accounts. 

The Council consider that alter taking into consideration the 
great increase in the progress ol the Institution's work, the general 
position is satisfactory. 



ANM'AIj 


KKroKT. 
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PRESIDENTIAL ADDRESS. 


BY 

\\ II. NKILSUX, O.H.K.. V I). 

J'ltKSI I >K.\T, I27. 


Tim position whit li 1 find m\si>||‘ hi I<» * 1 ii% i-s m niiisiiuiiiiiiiimi 
nf mi hopes and amliil khi.- . I «I<‘i*{»!> appieciale (la* 1 1 *u«*ntr ^you 
turn* shown me in elect ini: uir President I'nr I In* loming \eai. I 

aiav say horn si i\ dial, wha lexer inv hope** max lia\<* been. I 

11 «■ \ it expected to reach tin* highest place in tin* I list ;t n i ion. ami 
w;|ji nn imm essa i i 1} incomplete and inaccurate know India* o| m\ 
slmi | < onii ni»s, 1 feel nnwoilln to lit*a<l in tii<* stops <>l those vh<< 
have gone before nn*. Non may lx* certain, Imwexer, (jiat I shall 
i|o w ha | in mo lies to holp foiwatd tin* Institution, ami k«*op its 

i i * (o j'os t to tin* l‘oi olron ( on all possible oooasiotis. 


Wlit'ii tin* proposal to form this Instiiuiion was Mrst put 
lot ward, 1 1 't‘iilised that it would ho a most ofleo|i\e means to holp 
1 ingiueers ami Kugirweiing in India I gladlx joined tin* m*w 
founded Sorietx and am proud of the I’ael Ilia! 1 am a bundei 


her. The Institution, since its im*e|a am. In*- :n lur\<*d a 
deal and with its la rim ami increasing momhoi ship, carries 


rnioincerina 


mom 

jjreat 

-teat 
on a 
sea < 


matters. it has (nought together, 
i ommon ground, tin* men oi^ip'il in <mr profession who are 
toved ove" the vast t'oiitinent of India it has enabled them to 
exchange ideas, and, what is o\»n hotter, to gel in know each 
other personally. It has honml its together with a common tie and 
lias undoubtedly raned the status ot Lngimvrs in India M <* have 
been able to achieve (lie latter most imporiant point by insisting 
on a high standard for election as Corporate member and have 
further increased our standard b\ inaugurating a strict examina 
lion test when a eamlid.‘il<* does not possess sufficient qualifications. 


It is said, with the merit of truth, that one receives from .‘in 
organization much in proportion as onegixes to that organization, 
and T would impress upon members, more particularly our Indian 
members, for whom the Institution was primarily founded, the 
necessity, and advantage, of submitting papers, on subjects with 
which thov are most eonxersanl : either to tin* Local Associations or 
the parent body. It is not necessary that such papers should 
deal entirely with original research. 1 inscriptions of works of nil 


2 
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Finds which have been carried out, or are in process of const rue 
lion, are most valuable, and in many cases impart information to 
other Engineers which is not available in text-books. The parti¬ 
cular difficulties with which one has met, and the method of over 
coming them, are not only illuminative but in uiost eases are highly 
instructive. One feature which is noticeably absent from nearly 
all Societies’ papers, are descriptions of failures. Naturally one 
is averse to proclaim one's shortcomings, but it is a fact that 
more ran lx* learnt, from one failure than from a hundred successes. 
A certain amount of sarriliro from an individual for the benelit of 
the majority is called for. 1 am not referring to failures due to 
faulty construction or design but to those which occur owing to 
unforeseen or incalculable forces. A good example of what 1 lum* 
in mind is contained in a paper recently submitted by a member 
on the new entrance to the TCidderpore Docks, where a vivid dcs 
cription is given of the movement of the dock walls in the old docks, 
shortly after completion. 1 have no doubt but that tin* design of 
the new King George's Dock at Calcutta lias been influenced by 
this extraordinary failure, and the magnilieent work, now being 
carried out under the supervision of Mr. McGlashan, in (he neigh 
bourhood of the old docks Mill surely be carried to n sueceNsful 
conclusion. 

Engineers in these days are specialists and perhaps the l*ort 
Engineer is one of the most highly specialised products of modern 
days. The forces he is up against, the tidal currents he has (o 
study, the regime of harbours and Ports which when disturbed 
cause unenviable anxiety, the dredging problems, the magnitude 
arid depth of the works—all combine to make his position a highly 
respectable and onerous one. As an Engineer intimately 
connected with Port and Pock work for over twenty-six years. 
Members will perhaps pardon me if T turn to this subject which 
concerns me nearly and in faet concerns India very largely. I 
refer, in particular, to the Ports of India. Through these ports 
flow the immense volumes of import and export trade which make 
up the life of a nation. We have to accommodate in onv Ports the 
ships trading to the British Empire and foreign countries as 
well as the coastal trade. The gross registered tonnage of shipping 
entering and leaving Indian ports in 1025-2(5 Mas some (55 million 
tons and the value of the maritime trade approximated Rs. 5)00 
crores. To accommodate this tonnage and give facilities for hand 
ling and storing ships’ cargoes, as well as erecting and maintaining 
various entrepots and depots for all sorts and conditions of trade, 
the Ports of India have spent to date some Rs. 65 crores. 

Ports, like other large institutions such as Railways, Muni¬ 
cipalities etc., have to keep up to date and it is axiomatic that any 
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Port which does not do so, must gradually atrophy and become 
relegated to the back ground. No Port can afford to stand still, 
and it, is the object of these, few remarks to see how we in India are 
meeting the situation and whether we have proved worthy of our 
< rust. 

Amongst the numerous duties which a Port is called upon to 
do, the chief, and principal one is to provide sufficient and ample 
accommodation for the ships visiting the Port. It is not difficult 
or expensive to provide for two dimensions of a vessel, namely, the 
w idth and length, but tin provision of sufficient depth to keep a 
vessel afloat at all stages of the tide and to allow her to enter and 
Leave the Port whenever she requires to do so, is a, problem which 
has entailed the expenditure of vast sums of money, and, ill the 
case of some Ports, has placed a limit on the size of vessel which 
can trade with that partieular Port. 

We are governed, so far as the draft of boats is eoueerued, by 
the available depth of the Suez ('anal, and as this depth lias been 
increased from time 1o time, so Ports have to follow suit. The 
authorised successive increases in allowable drafts of vessels 
traversing the canal have been as follows : — 


1800 

25 

1002 

20 

1000 

27 

100K 

2s 1 

1014 

20 

1015 

3o 

1022 

31' 

1025 

32' 


The new scheme for improvement drawn up in 1021, provides 
lor a depth of 13 metres or 12' S" and for tin* transit of ships 
Measuring 15,000 tons gross, length 205 metres, width 20 metres, 
draft 10 07 metres or 35 ft. The depth of water is made up as 
follows : — 

Draft of ship 35' 

useful depth 

Margin between draft of ship and ,q<y 

useful depth of canal ... ■!' 5" 

Possible thickness of sand on 

canal bottom ... ... 3' 3" 


42' 8* 

This will allow a draft of 36 ft. if needed. 
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* The increase in depth has been demanded by the ever inereas 
ing size of vessels and the following table shows how advantage 
has been taken of the accommodation provided: — 

Number of passages through the canal according to draft and 
size of vessel. 


Draft 

1910 

15)20 

1925 

Bel ween 2lj 2" & 27 

171 

230 


27 & 2S 

107 

129 


28 & 2h 


r>2 

172 

29 & 20 

... 

10 

11 

over 20 

- - 

--- 

21 

Cross Louuagc 




Suez ( 'anal Measurement 

1912 



0.000 lo s.ooo 

122S 

1210 

2I7S 

S,001 lo 10,000 

234 

I4K 

son 

10,001 lo 12,000 

09 

5)0 

2S7 

12,001 lo 10,000 

00 

01 

101 

above 10.000 

• ) 

17 

70 


The Suez Canal has kept well ahead of requirements and there 
are now only S ships afloat which could not pass through at the 
present authorised draft. These vessels however are high speed 
passenger boats on the North Atlantic run and it can therefore be 
said that the ('anal can take any vessel alloat on the Eastern Trade. 
After the completion of the 1021 programme of works, the Canal will 
he in as good a. position to take large vessels as the Panama ('anal. 
The total depth of water in this latter canal is 10 ft. and allowing 
only the small margin of 2 ft. under the keel, t Ik* permissible draft 
would he .”>7' hut as this is in fresh water the comparable depth in 
salt water would he about 20 ft. 

It is to he seen now how the Indian Ports have met this increase 
in size and draft of vessels. The larger Ports keep before them the 
i(‘commendation of the Dominions Royal Commission which slated 
in their linn I Report that certain ports on various trade routes 
should he deepened so that accommodation may be provided 
throughout these routes for vessels of the following drafts:-- 

22 ft. on the route from the Tinted Kingdom via the Suez 
('anal to the East and Australia. Stalenient A shows the 
increase in size and draft of vessels trading to Indian 
Ports. 

The greatest draft of any vessel entering Indian Ports 
(excluding the S. S. “City of Exeter” referred to later) 
has so far been 33 ft,., namely, the “IT. T. Caron in ” 
which sailed from Bombay on the 3rd February 1918. 
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]| is now proposed Io drill with flu- various Ports and* in 
stiito tlinr piesetil and proposed arrangements. 

<’A LCITTA. 

, 1 pproochcs. 

Tin* Port is shunted on tin* Kiver lloogldy and is Si! miles 
distant I loin its moiilli. Nnvignfion is dillicult ai tin* mouth of (lie 
river, tIn* channels wind through numerous sand banks and flu* best 
route lias to be chosen through e\er-vai ying depths along tin 1 line 
coimeetiug (he deep places and o\ei ilie shallows These latter vary 
constantly in depth but when one place "els too shallow, usually 
another opens out and gives deeper water. Last year the* 
.Middleton Par was the govei niag bar lor :>2!l days during the- year, 
giving be-twe-e-n lb (I ;md lb' !>'. Purlhei up are- I WO shoals, 
namely, the Palari Par ne-ar the he;nl ol i lie* estuary, and the 
(hiblohi Par. Above- these, w lie-re- the- Kiipiuir:iin k'ive-r e*nle*rs 
the- llooghlv, a se-asonal bar is developed. Higher up, there- is 
the- famous “Jami-s anti Man” re.-ie-h, c.uiscd by I lie- e-ntranee- of 
I lie- Ihimodnr Kiver, w lie-re I lie- e-haunel is divide-el info I lie- Pastern 
gut ;iuel Western gut. Above- this, (he river has the- usual 
chiiriie-le-rist ics ol Indian rivers in the plains. i( \\ anders about, 
with the- deep channel hugging the comave- side-, forming shoals ill 
I he- cronbug points. r P he- crossings which ji, i \ the most trouble 

are* the Moyapnr and Knvapur To ensure- the Im-sI miviga I ional 
• line*, a coiistani system of suru-vs is ke-pi up together with a coni- 
ylete arrangement ed' semaplunis and rive-i marks. Improve* 
me-nts have- been effected tin the- bars in the- upper re-ache-s. The 
suction dredgers -'Sandpiper'. “Palaii” and ■■(liinga” work on 
the* Eastern «^u< and Movapur Par whe-ic in the- case- of the* former 
the* eleplhs have* be*i*n ine-nase-d fiom d to 1 ft. more than was 
available* in the- worst months up to PUHI and in the latter an 
increase- of nearly 2, ft. has iie-e-n obtaimei. 'flic dredgers also 
work on the* shoal phice-s ue-are-r ('alcutta nninelv Panchpnrn, Pit- 
Sevang, and Snnkral. The e-ileet e»f the* work undertaken, in the* 
shape* of rive*r surveys and dredging lias been to increase the 
alleiwahle elrnft e»f ve-ssels navigating the* rive-r from Lib' 2' in 1880 
to 2b'- 10" in 1020. Ve*sse*ls drawing eever 2,0 ft. ean navigate* the* 
river by taking advantage of flu* tide*s. 

7’o/7 ptoju v and Docks. 

In the Port proper there is plenty of wafer, the l fathom 
contour being continuous on both sides with the exception of a 
small patch at the Hastings shoal. Low Spring- tieies, however, 
seldom fall below 2 ft. above datum, so this shoal is not a serious 
one, The depth at the double moorings varies between 30 and 51 
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feet and at the Strand Rond jetties there is an average of 22—0" 
below datum. At the new Riverside jetties, the depth is not 
less than—MOO li. so although these jetties are tiflal, there is 
ample water. 


The Kidderpore Docks are entered directly from the River by 
means of a 00 ft. lock and a, single SO ft. gate. The sill level of 
both entrances is -17 00 so with a mean neaps rise of l2 ft., there 
is 20 ft. and on the. springs 21 ft. of water, allowing vessels of 2S 
ft. draft and upwards to enter. Both the Tidal Basin and Docks 
Nos. 1 and 2 are kept up to a level of +21 *50, and the bottom ol' the 
Docks being 12 00, there is 224 ft. of water in the Docks. The 
designed water level was 4 .10 00 but this was raised owing to the 
failure of the walls shortlv after construction. 


The 80 ft. entrance however has never been much used chiefly 
on account of the high level of the wafer in the Docks and also 
because it is at right angles to the river. ('ousequently all the 
work fell on the 00 ft. lock. This lock is only 400 ft. long between 
gates but with the use of caissons at both ends vessels of 510 ft. in 
length can use it. With the increasing size in vessels and as Un¬ 
lock has been used without cessation, the necessity of building a 
larger lock arose, and this is now in course of construction. The 
new lock, which is close up against the old one, has a width of 
St) ft. and a length between gates of 580 ft. By means of caissons 
another 80 ft. can be added to the length. The level of the outer 
sill is 10 00 and of tin* inner sill 1 T OO. 


In addition to this, a new Dock system, which will eventually 
contain over 20 berths, has been designed and work commenced on 
live lierths and two entrances. The situation of this Dock is about 
a mile below the Kidderpore Docks. The entrances are duplicated, 
one of them being designed as a tandem Dry Dock. The entrance 
lock,, closed by sliding caissons, luis a length of 700 ft. and a width 
of 00 ft. with the inner sill at 2100 and the outer sill at 22 00. 
The minimum drafts in the lock are 21 ft,, at High Water and 
2f£ ft. at Low Water. The tandem dry dock has a width of 80 ft. 
and a total length between centres of caissons of 1,210 ft. divided 
into two clear lengths of 590 ft. and 575 ft., the inner and outer sill 
levels being both at 2100. The water in the Dock will he kept 
at + 1500. 


BOMBAY. 

Port Approaches. 

The distance from the Pilot Station to the anchoring ground 
is some 4^ miles and the depth?of the channel varies from 40 ft. to 
22 ft. below L. O. S. T. The anchoring ground for large vessels 
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has a. depth i II) If. ami these vessels can swing al lliair anchors 
in this area. 


Port Proper and Doric#. 


'I'lx* approach clianncl to the older l)ncks lias a depth of IT It. 
and to the Alexandra Dock 21 ft. This latter is now being dredged 
to 2S00. The datum is that of lo\\<st ordiuan spring tides but 
as L. W. b. S. T. is 1* ft. .’tins, higher, this additional depth can be 
secured on most days of the year. The Ballard Pier, at which the 
mail steamers berth, has a depth alongside of 2X ft. and is now 
being deepened to 52 ft. below L. (>. S. T. 

The Prince’s and Victoria Hocks, opened respectively in 1XK0 
and ISSS, !ia\e single gale entrances and are consequently half 
tid(* docks. The sill level of Prince’s Dock is I HH) and that ol 
Victoria Dock, 10 00. The water let el of both Docks is kept at 
about t SOI) and the bottom levels being 17 00 and 1000. 
there is an available depth in Prince's Dock of 25 ft. and in the 
Victoria Dock 27 ft. The length of vessels having outgrown the 
original designed length of berth, the number of berths in Prince's 
Dock is now 0 as against II in 1SN5 and in tin* Victoria Dock the 
number has been reduced from 10 to 15. This shows the advantage 
ol straight line berths. 


The Alexandra Dock opened in l!il5, has an entrance lock 750 ft. 
long between gales and 100 ft. wide. The length can be increased 
• bv the use of caissons. The level of the outer sill is 2700 and 
|he inner sill 25 00 The level of the bottom ol the Dock is 
25 00, and w ilh the water in the Dock at an average level + 1100, 
then 1 is available 51 ft. of water over the inner sill. On Tligh 
Water Springs this cm In* increased to .”.7 ft. 

The Hughes Dry Dork, 1,000 ft. long, is entered from the 
Alexandra Dock and has a width of 100 ft. at the entrance and a 
sill level of 2200. The Dock therefore is capable of ordinarily 
taking vessels drawing 52 ft., but ships of deeper draft can be 
•locked when required. In .fane 1917, the City of Exeter, 
having struck a mine outside the Harbour, was drvdockcd with a 
draft forward of 51 ft. 4 ins. and aft 22 ft. 5 ins. 

At the north of the Harbour is placed a bulk oil pier for 
kerosene and petrol and has an approach channel dredged to 
- 20 00 with 50 00 at tne turning and swinging basin and along¬ 
side the Pier, which is in tidal waters. 


KARACHI. 

Port Approaches. 

Karachi is a tidal Port, with an approach channel abort 2 miles 
long to the jetties arid about a cable in breadth. The depth of this 
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<*lt;miit*l is ill, present about 25 feet below L.W.O.S.T., lmt kituii^* 
incuts are being made to deepen tliis to 2N00 its xxell as the 
channel abreast the jetties. The month of the Harbour, which 
formerly had a bar with only S ft. of water, is controlled by ;i train 
ing groxno on (he east side and a breakwater on the west side 
w hicli ctb .-tivcls maintain a permanent depth at the entrance of 
27 ft. 

The mean range of greatest ordinarx spi ing tides is !f ft. d ins., 
bill as i hcie a re sex era 1 minus tides, xarying from a few inches to a 
fool, during the scar, (he axaihiblc depths arc soinexxdiat 
diminished. 


l‘orl I*ro/H c. 

The d( plh of water at jellies, some of them built inanx xears 
ago. x'iiries I mm 27 to 2!lft. at L.W.O.S.T. Tlte west xxharf now 
under const i nel ion is of monolith design and these berths xvill be 
dredged to 'Phis depth together with the proposed in 

( reaxed depths in i he channel and entrances will allow a .Till, 
draft xessel to enter at II .W.(). N.T., with 5lt. under the keel at 
I he entrance. 2 ft. under (he keel in the channel and 1 ft. when 
lx in» alongside. 

Further proposals are in hand for re building the jetties on the 
eastern side so as to gixe a greater depth at Low Water. 

The Ilaibonr is real lx a large lagoon capable of praetieallx 
ed expansion. Tin* waters from the Chimin Creek, an 
inland basin. Hush the ships' channel exerx tide* and help to keep 
this to the depths repaired. The jetties and west wharf being built 
in straight line's can adapt themselves without alteration to the 
lniigct vessels visit ini’ tin- Port and the width bet xveen these 
xvharxes being 1 .—00 ft.. tliere is ample room to sxving a x essel pre¬ 
paratory to berthing or leaving the Port. 


RANGOON. 

I'nrf . I /tfironrhrs. 

Rangoon. I he Port of Hurmah. handles the xvliole of the import 
trade and a xerv large proportion of the export trade. The Port is 
a tidal one, tin* mean range of greatest ordinary springs |>eing 
Hi-1ft. Indian Spring Low water mark is + 1-50 ft. There are a 
few minus tides in the dry weather varying to 7 inches. The dis¬ 
tance from tin* Pilot Station to Elephant Point at the entrance of 
the Rangoon River is about IS miles and from there to Rangoon 
22 miles. The Rangoon River is the name gixen to the lower 
reaches of the Mining River which is one of the mouths of the 
Irrawaddy, and the approach to the river entrance is divided by the 
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Eastern Sands. The Eastern channel is at present not used but 
shows signs oi' opening out, while tins west, channel, at present 
navigated, shows from recent, surveys that the least water on the 
bar remains at loft. From there there is good water all the way 
tip to Liftey Island reach where there is a JO ft. shoal. Liftey 
Island is tlie crest of a shoal known as tlie Hastings which is 
sit tutted at. the con 11 uenee of the Rangoon and Pegu Rivers ami 
constitutes the principal obstruction to navigation. The Hastings 
carries from 5 ft. to 12 ft. according to season, but a (hedged 
channel round its edge along the left bank of tin* river, known as 
the Monkey Point channel, is maintained between 15 and Hi ft. 
In hStiG the width of the Rangoon river between Monkey Point and 
King’s Bank was 0,950 ft., but owing to erosion at King's Bank tin* 
width in 1922 had increased to 9,050 ft. In 1922 the Com¬ 
missioners sanctioned a seheme for the erection of a brushwood and 
stone groyne <1,000 ft. in length at the King's Bank. This groyne is 
being erected on approximately the line of the liSGU foreshore* and 
(he idea is to hold the Rangoon River to a definite widlh of 0,950 11. 
and protect, the King’s Bank foreshore and also to improve: the 
water in the Monkey Point channel which will equalise the naviga¬ 
ble depth ou the iuner and outer Bars. 

Part Proper. 

The. Port proper comprises the east and west reach of the 
•Rangoon River just above that River's continence with the Pegu 
River and extends for about two miles ami is from j mile to | mile 
in width. An extensive training wall at I he west limit of the Pori 
where the river takes a sharp turn north has saved the left Bank of 
the river within the Port from silting and has crtectively prevented 
or reduced erosion on tlx* right side. Along the Rangoon side are 
a number of pile jetties and pontoon landing stages, the length of 
wharves being 2,S22 ft. with 2.1 ft. depth alongside. These wharves 
will be extended to form a continuous line of 1,000 ft. including a 
berth to accommodate vessels drawing .’>0ft. Then* are a num¬ 
ber of fixed and swiuging moorings both in the Harbour, the Pegu 
River, at Kemmendine and below Hastings, with 45 ft. to 25 ft. at 
low water. These are being increased in number. 

Nearly all loading is done in the stream and very deep ships 
have to go below Hastings to complete before departure or lighten 
before going up to Rangoon. Oil tankers fill up at Syrian], below 
Hastings. The Port Commissioners have purchased and leased a 
large area of land with a frontage on the Pegu River with a view 
to building enclosed docks should it be. found necessary to do so. 
Tlie position ehoseti will avoid the necessity for vessels having to 
navigate the Monkey Point channel and will thereby improve the 
turn-round of deep draft vessels. 

3 
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MADRAS. 

Madras, formerly an open roadstead, has now a well sheltered 
harbour of 200 acres. Alterations have taken plae^ from time to 
time in the Harbour, the entrance has been moved from the East 
to the North and dee]) water quays have been constructed in place 
of open piers and fixed moorings. Situated on the Ray of Bengal, 
the range of spring is small, namely 35 ft. ; mean L. W. O. S. T. 
being VTfift. above Datum of soundings. The width at entrance 
is 400 ft. with 34 ft. depth at. low water. The new west quay has 
depths of 271 to 31 f ft. and it is proposed to deepen quays Nos. 2 
and 3 to 33f ft. The south quay will also be deepened from 31 £ ft. 
to 33^ ft. and the north quay under construction will have a depth 
alongside of 33f ft. The east and outer quays are at 27 70 and 
the petrol jetty (outside the Harbour) will take down to 32f ft. 
from 32£ ft. The buoy moorings at present between 30 to 32| f I. 
will all be dredged to 33f. 

V IZAGA FATA .M. 


Port, Approaches. 

This is a port in the making and will be ihe only Railway eon 
trolled port in Iudia. The natural features are somewhat akin to 
those of Karachi. The Port is a tidal one, the greatest range of 
ordinary spring tides being 51 ft. Datum is Indian Spring Low 
Water mark, but there are several minus tides during the dry 
weather varying from a few inches to a foot. The highest recorded 
High Water was 0 70 ft. The distance from the 5 fathom contour 
in the Bay to the Harbour is under 11 mile's and the consideration 
ot the construction of the breakwaters is deferred until it can be 
decided whether it is less costly to keep tin* channel open by 
maintenance dredging rather than construct such breakwaters. 
There is little lateral movement of sand at the entrance and tidal 
currents are practically normal to the shore. The channel in the 
creek has rock to the south side and north side will be protected 
with stone pitching. Both channel and Harbour proper are to l>e 
dredged to—30 00 and the dredgings used for reclamation. 

Harbour Proper . 

The complete scheme lor the Harbour consists of a series of 
parallel jetties in echelon varying from 3,783 ft. long to 2,150 ft. and 
width from 0t>0 ft. to 550 ft. The distance between jetties will be 
o00 ft. to 000 ft. The first section of works includes a wha-rf wall 
1,800 ft. long berthing three ships. Moorings for two vessels will be 
laid down and an oil dep6t on the south side of the Harbour with a 
mooring for one ship will be constructed as well as a wharf for 
manganese ore. The channel opposite the oil tanks will be taken 
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down to 20 00 ami a tidal scour channel joining up the tidal 
scorn* basins to the Harbour will be taken out to -100. 

O HITT A GONG. 


/'or/ A ftp roar,has. 

This port affords a good example of tin* difficult) of dealing 
with Indian rivers. Above Sadar Ghat, the river has sometimes 
cut into Ha* bank a distance of 100 feet in one year, making a 
channel 40 feel deep at low water where there formed) were rice 
fields. It has also, in one freshet, short-circuited a long bend and 
altered the position of the main channel by nearly half a mile. 
The effect of such henv) erosion is fell, on the Inner Bar which silts 
up about I feet in a few days. Relow Sadar Ghat the concave bank 
has 1 m en n vetted with stone on the “Bell Bund” principle. 

The approach to the jetties is 9 miles long with an Outer and 
Inner Bar with 10 to 12 feed of water at low tide and a sharp turn 
at tin* Gupta Grossing which carries about lift. Between the 
jetties and Sadar Ghat, near which the coasting vessels swing, is 
the Ring Bar with 1b feet, partially dredged through to 21 ft. 

Dredging is carried on continuously on the Inner and Outer 
Bars, in order to keep these Bars open as much as possible. 

Port Proper. 

The Port is a tidal one, springs rising to VA feet in the dry 
weather and 10 feet in the rains Minus tides fall to as much as IS 
inches below datum of soundings, the day tides being higher be 
tween March and September, and lower between September and 
March. 

There ate four jetties with a depth alongside of 2-1 ft. as well 
as double and single moorings with depths of 21 to 2b ft. and an 
oil berth further down the river with 28 ft. 

The Port Authorities arc about to undertake a comprehensive 
scheme for the improvement of the entrance to the Port. The 
mouth of the river is bifurcated and the flood comes up the Juldia 
channel w hen the last of the ebb is traversing the Patnnga channel. 
The latter is the one used by vessels entering and leaving the Port. 
The proposal is to close the Juldia channel at its upper end thereby 
throwing the ebb and flood streams in one channel. This work, 
together with dredging ihe stiff plastic clay, of which the Inner Bar 
is composed below - 1100, should have the effect of doing away 
with both the Inner and Outer Bar. In addition, further revetting 
will be done on the Patuiiga side so as to hold the bank where the 
main stream impinges on it. 
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OKU A. 

This Port is one of the latest to be developed along eonven- 
lionnl lines. 

Situated in the Gulf of Outch behind Dwarka on the Arabian 
Sen it is almost, land-loeke<l, the entrance lieing protected by 
Samiani Island and numerous sand banks. There are two 
approach channels to the East and West of Samiani Island with 
a depth of is and 22 ft. at L. W. The Port itself is tidal, the mean 
range of greatest ordinary springs 1 icing 1 U*-l ft. Datum of sound¬ 
ings is M. L. XV. O. S. T.. there b<*ing a few minus tides of 
two or three inches. 

One pier has been built 100 ft. long connected with the main 
land by a viaduct 500 ft. long. It can berth two vessel one on 
either side. 

The depth of of water alongside the Pier is .’>0 ft. at low tide and 
vessels can anchor off the Pier in 21 ft. of water. 

r< K’H IN. 

Developments are now taking place for the purpose of pro 
\iding Cochin with a first class Harbour. The Harbour will be a 
titlal one. the mean range of greatest ordinary springs being ,‘5*2 ft. 
Datum of soundings is M. L. W. O. S. T. and the Highest High 
Water recorded is t P30. There are a few minus tides during 
the year, but those are of no importance. 

The first, stage of the work which is now being carried out is 
the dredging of the Harbour and its approaches to allow' vessels 
drawing 26 ft. to moor in the stream. The area near by is being 
reclaimed from the dredging. The foreshore on the north side of flu* 
Harbour at Yvpeen lias been protected and portion of (be reclama 
lion wall completed. The channel through flu* outer Par has been 
dredged and in order to keep the ebb and flow of tidal water in 
the required direction, a channel in the hack waters, 6,000 ft. by 
100 ft. wide and IS feet deep, has been made. 

The new channel, near the crest of the Par, will be S00 ft. 
wide and the depth 35 ft. at low water 

The w'hole scheme contemplates the provision of wharves or 
jetties with complete modern equipment and the extension of rail¬ 
ways to serve the Port. 


Turret vrin. 

Similar developments to those taking place at Cochin are being 
carried out at Tuticorin. The tide levels are the same as those at 
Cochin with the exception that there are no minus tides, low water 
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springs being There are certain peculiar Inlets a t Hie time 

of Ilu* Moiui’s quarters when there is no true high or low water, 
with practically slack water (luring the tide. 

It is proposed to form a turning basin for \essels drawing up 
to 2(> ft. and later on to construct whar\es or jetties with mechani¬ 
cal equipnuuit and railway service. At present drtslgiug and rock 
breaking is being carried out and a narrow land locked canal with 
a turning basin of 1 .Odd It. square is being made. 

The hard material will be dumped on the site of the break¬ 
waters which lake the shape of two comeiging aims for tin* pro¬ 
tection of the approach channel. 

A protection embankment to the south-west of tin* Harbour 
will be thrown up to prexent blown sand entering the Harbour. 

MORMldAO. 

The I*oi t ol Mormugao is in Portuguese territory about 225 
miles south o| ltomlan and was acquired bv the Portuguese in 
l.~>P!. It is direct l\ on tin* Arabian Sea and the Harbour is pro¬ 
tected l»v a breakwater 1.700 ft. long and a nude. 000 ft. long, 
runs from the end of it. The accommodation is tidal, spring tides 
being about 0 ft. The depth at tin* entrance is 27 ft. at low water 
and the area of the anchorage 00 acres, with a depth from 23 to 
20 II. A drag snefion hopper dledger is used to remove the silta 
lion which occurs during the monsoon months. The quay wall is 
•2,000 ft. long with 5beiths. At the tirsl three there is a depth 
alongside of 21 ft. and 30 ft. at tile other*-. Tin* new extension is 
designed for 30 ft. at low water. 

Prom the above, necessarily hriel. resume, it will he seen what 
•lie Ports of India if In* Pori of Polombo is not considered in this 
review ) aie doing m meet the situation caused by the increase in 
*i/,e and diaft of modem xcssels. Ail tin* major ports in the 
course of a lew years will he well ahead of Ihe tunes. River Ports 
such as falculta and Rangoon arc handicapped by long ap¬ 
proaches and difficult navigation and Ihe expenditure to improve 
these approaches must necessarily be heavy. 

India with its vast coast line of over 1,500 miles has few major 
Ports and the addition of a new one at Vizagapatam will naturally 
lend to help the maritime trade and afford another outlet for the 
great export trade of Tndia. The minor and coast ports are also 
taking themselves seriously and are improving their harbours so 
as to get their share of the trade. 

There are other matters also which must be considered in con¬ 
nection with facilities offered for large vessels but space precludes. 
Two items which are important may be mentioned, namely, bunk¬ 
ering facilities for motor vessels and those using liquid fuel and 
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also Dry Docks. Most of the major ports can now hunger such 
vessels at anv berth they arc likely to go to and further extensions 
ot pipe lines and connections are in hand. As regards Dry Docks 
India is rather poorly supplied. Bombay has a 1,000 ft. graving 
hock and (’alcutia is now completing an even larger dock but 
beyond these two there are no others which can take the big vessel. 
This situation will undoubtedly be remedied in the course, of the 
next decade. 

The standard of :»;{ ft. dealt mentioned pieviously is gradually 
being worked up to. but the advent of the motorboat has no doubt 
a If acted this standard and it is probable that the ligtire of T* ft. 
will not be reached for some considerable time. A motor ship on 
an extended voyage can. with a somewhat smaller tonnage, earn 
some L*r> per cent, more cargo than a coal-burning steamer. In 
addition ;o this, the motor ship has a lower operating cost and 
these factors v\ill cause more motor ships to be constructed than 
steamers so that in the near future the former will carry the bulk 
of the ocean trade. Sixteen years ago the motor vessel was prac¬ 
tically unknown and if its advent will prevent, an\how for some 
time, the steady increase in draft of vessels, then Fort authorities 
will owe them a debt of gratitude*. 

I have to acknowledge with thanks the ready help given to me 
b\ the various Fort authorities in oremi-ine these notes. 
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THE 

SEVENTH ANNUAL DINNER. 


The Seventh Annual Dinner of the Institution of Engineers 
{India) was held in the Taj Mahal Hotel , Bombay , on 
Wednesday, December 1 , 1926. 


Mr. W. H. Neilson. <’hairmnn of the Bombay Port Trust ami 
President of the Institution, presided. His Excellency Sir Leslie 
Wilson, the Governor of Bombay, was the principal guest. The 
other guests included the Hon. Sir Gluinilal V. Mehta, the Hon. 
Mr. J. L. llieu, the Hon. Mr. d. E. B. Hotson, Mr. P. G. lingers. 
Mr. H. K. Kirpalani, Mr. J. A. Kay, Mr. R. M. Chinoy, Mr. A. H. 
IJyrt, and Mr. If. IL Edwards. 

Ilis Excellency Sir Leslie Wilson proposed the toast “ The 
King-Emperor.” 

The President in proposing the toast “Our Guests,” said: 


Your Excellency and Gentlemen May 1 tirst start with a 
note of apology. If is well known that Engineers are not versed 
iu the art of speaking, the gift of tin* silver tongue is not theirs, 
they try to make out that they are-—above all things—practical 
anil not verbose. Post-prandial oratory does not enter into their 
scheme of tilings—they can execute but they cannot dance. It is 
on an occasion like this that one feels that one has not the con¬ 
solation, perhaps the only consolation of Daniel on entering the 
lions’ den when he realised that there would be no after-dinner 
speeches. 

Let this therefore be my apologia and pardon my obvious short¬ 
comings and any unhappy hesitations that may occur. 


We are delighted and honoured to have with us to-uiglit as 
our Principal Guest His Excellency, Sir Leslie Wilsou, Governor 
of Bombay. Although xve are celebrating our Seventh Annual 
Dinner, this is the first time we have had the pleasure of having a 
Governor of Bombay present. The reason of this is because we’ 
hold our meetings at different centres each year, and this year * 
Bombay has been chosen as a venue. We held one prior meetings 
here in 1922, when unfortunately the then Governor, Sir George j 
(now Lord) Lloyd was unable'to be present. In 1923, howevefe/ 
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he was Principal Guest at the Annual Dinner held by the Bombay 
Local Association of tin Institution in this hotel. 

flis Excellency, by his presence here to-night, has shown his 
sympathy with our aims ami objects, ami he has already identilied 
himself closely with the many Engineering schemes in his Pro¬ 
vince. We place a great value mi his sympathy and we can assure 
him that we value him for his kindliness, we value him for his 
openness, we value him for bis frankness am! above all, we value 
him as a man. who played such a gallant and forward part in 
that terrible epic at Gallipoli. 

To our other Guests, we extend a heart\ and cordial welcome. 
To those of us who Jive in Bombay, their names are household 
words. They represent Government and Trade—the one inter 
dependent on the other. The peace and prosperity of the Bombay 
Presidency lies in their hands, and I think that you will agree that 
Ihese two vital matters could not be in a worthier keeping. 

We, Engineers, can certainly help to keep the peace, and we 
can, 1 think just as certainly help in the prosperity of the country. 
Out* work is creative and, in some cases, preventive. In either case 
it, is beneficent and in all cases, it ought to be economic. The Engi¬ 
neer can do a great, deal in stamping out disease, '•lull as malaria, 
and the very fact of bringing a pure water supply to a town or 
large area should go far to lower tin* death-rate, lie can also, if 
he has sufficient funds, make tin* desert blossom like a rose. As 
Yjuir Excellency has just conic from a plan* where this effort is 
being made, perhaps you will be kind enough to tell us how the 
work is progressing. Of one thing 1 am certain, namely, that it 
viII be a, success, and that it will bring prosperity to the country 
generally. Your Excellency is also shortly going to “open” the 
Bhandardara Dam, one of the highest dams in the world. Both 
these great schemes are economic, and wc all hope that with these,} 
and other major works, together with the steady industrialisjatitlM 
of Tmlia and an immediate, though perhaps problematic* 
iu trade, we may enter a now era of contentment and liappffi^l, 

And now. Gentlemen, 1 think 1 have spoken* long onoguh. The 
pale wraith of St. Andrew, we trust, is at rest again and we have 
to put our shoulders to the wheel once more. The labours rt f Bis 
Excellency are well known to us, and with his time so thoroughly 
and generously occupied, we feel it all the more honour that he 
should grace our festival to-night. 

I, therefore, ask you to drink to the health, long life and happi¬ 
ness of His Excellency Sir Leslie Wilson and Our Guests, 

I have very great pleasure in announcing that His Excellency 
has consented to become an Honorary Member of the Institution. 
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His Excellency Sir Leslie Wilson, in responding to the toast 
“Our Guests,” said : — 

“Mr. Oh,airman and Gentlemen :—On behalf of mvself and the 
other Guests to whom you have extended your hospitality to-night 
I desire to express our sincere thanks to your generous welcome to 
this toast. It is a source of great pleasure to me and to those for 
whom I am speaking to have the opportunity, as we have to-night, 
of meeting so many representatives of the great profession to 
which you all belong—representatives, coming, as you do, from 
every part of India. 1 am glad, indeed, that this is the first occa¬ 
sion on which the Governor has been present, at your gathering. 

“I notice—it is a rather curious fact—that all these gather¬ 
ings of professional gentlemen seem to take place at the most 
opportune moments. 1 presume it is only a coincidence, but un¬ 
doubtedly it is a fact, that you are visiting Bombay at the same 
time as the M.C.C. team is doing. I can only trust that your deli¬ 
berations will not he inlemipted in any way, by the happenings 
on the Gymkhana ground. 

“Gentlemen, when I started to-night I felt lhat T really ought 
not to speak again. I am reminded of a very old story, but it is 
very appropriate. Tt is a Scotch story, the story of a Scotch lad 
and a Scotch lassie, who went out for a walk together. Tin* 
Scoch lad was of rather taciturn disposition, and having walked 
for about an hour he had said nothing. At the. end of the hour lie 
turned round lo the lassie and said : ‘Maggie, will you marry 
me?’ Maggie said : C 1 will.’ They walked on for another lioisr, 
but nothing was said ; so, Maggie said : ‘I say. Jack, you arc very 
silent to-night?’ Tfe replied: ‘T think T have already said too 
much.’ 

“Gentlemen, this is the fourth speech 1 have made within tin* 
last 21 hours. 1 spoke lasl night at the St. Andrew's dinner. 
Earlier in the day I addressed a large audience of representative 
medical men and Indies. And then I proceeded—after watching 
the cricket for half an hour—to talk on commerce at the College 
of Commerce, and T was starting a disquisition on the value of the 
rupee and gold, when I saw Sir Victor Sassoon in front of me, so 
my speech was considerably interrupted. T have now come here 
to have the opportunity of meeting you. Gentlemen, and T feel 
really that the story I have told you is very apt. 

“I did not agree with the Chairman when he said that engi¬ 
neers were voracious hut not verbose. I do not know what he 
meant by ‘voracious,’ unless he alluded to the meal, I will testify 
to their voracity, but not to their verbosity. But, I thoroughly 
endorse the statement that engineers are not versed in the art of 
speaking. T put aside my personal experience with regard to the 
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engineers of. the Bombay Presidency, and l will ask yon 10 await 
tlie arrival in India of the report, the full report of the Back Bay 
Committee. If yon ran then honestly say that engineers cannot 
express their opinions with all the verbosity at the command of 
the politicians, 1 may then be prepared (o agree with the state¬ 
ment of your Chairman. 

“ You, Mr. Chairman, have said that engineers are responsible 
to a very large extent for the prosperity and Ihe peace of any 
country. It is true that Hu* prosperity, particularly of India, 
depends on the efforts of engineers, and ‘prosperity’ is after all 
only another word for * peace’. You, the engineers of India, who 
have worked in India, have been responsible, and your predeces¬ 
sors have been responsible, for great schemes which have been 
undertaken for the purpose of assisting the agriculturists of 
India. By vour work, your labours and your ability, you have 
Nerved India and have contributed to a great extent to that peace 
and prosperity of India which we are happy to enjoy today. 

“ I personally am not in a position to speak for any other Pre¬ 
sidency or Province than that of Bombay. In Bombay, owing to 
the efforts of the engineers, wo have something like 10 per cent, 
of the cultivable area under irrigation. With tin* Sukkur Barrage 
scheme, we shall have something like 17 per cent. I hope yerv 
sinccrelv that, (he efforts which the Bombay Governments made in 
tin* past and tin* Bombay Government are making at present will 
* not be the last effort \\e shall make in this direction. 

• You have said, Mr. Chairman, that the works of the engi¬ 
neers are economic. That is one of the problems at tin* moment, 
which we, as a Government, have to compute. I am speaking in 
the presence of my Finance Member, who, T know, will cordially 
agree with every word I say. Our dillicultiex with many of the 
works is not, due to any fault of tin* engineering officers, but that 
the works are not economical. Of course, it is very difficult to 
gauge tin* economic value of an engineering work, because you 
have to put on one side the value which you will receive from the 
irrigation of barren districts, which* of course, has a great eco¬ 
nomic value of its own. 

“ You, Mr. Chairman, have spoken of some of the great works 
which we are carrying out in Bombay, many of which are ap¬ 
proaching completion, some of which are only approaching their 
most difficult stage. It is true that in a few days’ time I am 
going to open the Bhandardara Dam. I do not know how to open, 
a dam. But, I am called upon to open everything that has to be 
opened. 

Well, T have visited the Bhandardara I)ani, and I really think 
it is another tribute to the great ability of the engineers who have 
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served this Presidency in the past and are serving it even now. 
It is, as von Mr. Chairman have said, the highest dam in the 
World—27o foot high. When fully nmipleted it, together with the 
('anaIs which will How from it, will lie of the greatest importance 
to the area to which water will he supplied. 


“We have another dam, which is very nearly completed. Blmt- 
gar Dam. It is the longest dam. which is another feat of tin* 
engineers, and of which the engineers of the Bombay Presidency 
have even reason to be proud indeed. When that dam is com¬ 
pleted, wh<*n it docs all (lie work which il is expected to do and 
when if begins to help the cultivation of tin* large area for which 
it is planned, it will he of the greatest benefit to the whole Pre¬ 
sidency of Bombay. 

“ Xmv, you have alluded to the greatest effort which the engi¬ 
neers of the Bombay Presidene' have ever undertaken, and that is 
the great Sukkur Par rage scheme. Since I arrived in I’omhay I 
have been inundated with correspondence from a number ol people 
who did not believe in its success. I have been lately attacked very 
severely by these people who are felling me that the Sukkur Bar¬ 
rage scheme is going to be another Back Pay Berhmation. 1 
need hardly state that a scheme of Mie magnitude of the Sukkur 
Parrage involving, as il does, an (mormons capital cost of some 
thing approaching 2.‘» or 24 crores of rupees, is a scheme which is 
receiving the most careful consideration from everybody concerned. 
Xow, I think we are exliemely fortunate in the Pombay Presi¬ 
dency in having engineers of the type we have, who are carrying 
out, this great undertaking in Sind under tin* most diflieult cli¬ 
matic and other conditions. I can say t coin m_\ own experience 
and 1 can say from the information T have received from all those 
officers whose advice I value that I have no dould in my mind that 
the Sukkur Barrage is going to he the greatest success as com¬ 
pared Avith any of the great engineering schemes of the world. 
I am not saying that without dm* consideration. We have 
examined, we have re-examined wc have re-re-examined all 
the estimates of that scheme and avo are convinced that up to the 
moment there is not the slightest possible doubt that tin* scheme 
will be carried through to every success. 

“ You have alluded, Mr. Chairman, to the efforts Avhich are 
named after different people. I have only one thing named after 
me in this Presidency, and I'think it is the only thing 1 have liked 
to be named afer me. It is the first excavator, which was worked 
on the Sukkur Barrage schemed the Wilson Excavator J 
started it myself. That was nearly three years, ago. , That wa$ the 
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first time we dug. We started to dig one ol 1 the lirst of the three 
big canals. We have three big canals, each of them not so deep 
—but larger and wider than lne Suez ('anal, traversing hundreds 
of miles of sand to provide water for this large area which we 
propose to irrigate under the Sukkur Rarrage scheme. 

“ Since that day 1 have visited Sindh each \our and have had 
the opportunity of seeing for myself the progress which lias been 
made in this extraordinary scheme. The progress has exceeded 
the anticipation of tin* must optimistic calculations of those 
eminent engineers who are conducting the works. Jr is only a 
matter of a few da\s ago that 1 saw the central, canal having 
progressed more miles than could possibly have been anticipated 
even by those who had hoped for the very best, results. Rut, 
gentlemen, we must realise that in a scheme of this magnitude, 
presuming', as it do< s, engineering dillirullies perhaps hitherto 
unknown in the engineering world, there will he diHiculties in tin* 
future. At the moment ne an* starting 1 say ‘we’, 1 mean the 
engineers up there—pulling into both banks coffer-dams which 
are to enable the engineers to build the* regulators lor these three 
great, canals. They have got to tinish the regulators before the 
Indus comes down again. When these completed coffer-dams 
have been pushed out from each bank in spite of great engineering 
diniculties, one hopes that oveixthing will go on without any 
further dillieulties occurring. Rut the Indus, as many of you 
‘know, has a iumiu in th. North as the .Mad Indus. One never 
knows perhaps from one Near to tin* other what the Indus is going 
to do. One cannot hope ilia! the whole of (la* scheme is going to 
be carried through without some diilicully. without perhaps some¬ 
thing going wrong in one year, without perhaps one portion of the 
great dam. which has to In* completed exery \ear bet ore the Indus 
comes down, meeting with some aecideni owing to the Indus 
coming down too soon before the work is finished, and as a result 
tin* whole area being tilled with water and being lost. 1 know that 
if that thing happens all tin* critics ol the scheme will say: 

‘ Well, I told you so.’ Rut we must know that everything cannot 
possibly go on according to previous plans and we must face the 
possibility one rear or another of our having to meet with unfore¬ 
seen difficulties.' These difficulties are bound to occur in a scheme 
of the magnitude and importance of the Sukkur Barrage, a scheme 
which is unprecedented in its magnitude, the biggest scheme that 
has ever been undertaken by the engineering fraternity in the whole 
world. 

‘ ff , 

“ Your Chairman is responsible for getting me on this subject^ 
t really did not intend to talk to you on this subject. I amafrahl 
I am talking on subjects which affect the Bombay Presidency only, ■ 
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Although I take great interns! in engineering projects outside the 
Bombay Presidency yet 1 cannot talk on such subjects as for 
example The Punjab and Kangra irrigation schemes with intimate 
knowledge. 1 do want, however, to say one worfi about the 
engineering profession. 11 is appropriate perhaps that I should 
say this to you, representing, as you do, engineers from all parts 
of India. It sunns to me, coming out as a stranger to India, as 1 
did three years ago, the great work, the most valuable .work of the 
engineers who haw* served in the past has never really received 
adequate recognition. I cannot talk of other parts of India, but 
when I go round to these great engineering works now providing 
irrigation for ten per cent, of the cultivable area of this Presidency, 
when I think of the; names of men like Fife and Beale—men who 
have been responsible and practically entirely responsible for all 
the designs of these great schemes of the past, schemes which we 
are now carrying out and schemes which we still propose to carry 
out in the future—I cannot help thinking that their names have not 
been sufficiently appreciated and that tin* value of their services 
has not been sufficiently realists! by ihose people whom they have 
benelited so much. 

"It was said of tin* great Christopher Wren, who built St. 
Pauls, as you all know, when somebody asked : Why have they 
not. put up a monument to him in London?' t Ik answer was ‘If 
you want to tind out a monument to him look around !’ You may 
give the same answer about those engineers who served this Presi¬ 
dency so well, so ably and so loyally. I would rather see they* 
names 'were remembered by their names being connected with some 
of these great undertakings for which they were entirely respon¬ 
sible, and 1 trust that we shall he able at some moment or other 
to see that this is carried into effect in the future. 

"I deeply appreciate, Mr. Chairman, the honour which you have 
been good enough to confer upon inc by asking me to become an 
Honorary Member of the Institution of Engineers. I trust that it 
does not entail any work or responsibility, nor that it will require 
any more speech-making on my part. I can only say on behalf of 
myself and my fellow-guests that we are intensely grateful to you, 
Mr. Chairman, and to the other members of this Institution for your 
invitation < > us this evening. It has been a great privilege to have 
the opportunity of meeting engineers from every part of Tndia, and 
T, as the head of the administration in Bombay, offer you the most 
sincere and hearty welcome to our Presidency.” 

Sir Clnmilal V. Mehta in proposing the toast “The Institution 
of Engineers (India),” said:—“Your Excellency, Mr. Chairman 
and gentlemen,—Much as I appreciate the honour of being asked to 
propose the least of the Institution, I cannot help thinking that the 
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duty should have fallen to the lot of my lion, friend and colleague 
who is away now inspecting the greatest irrigation scheme that the 
Bombay Government have ever It ad to deal with. I am referring to 
the Hon. Mr. Cowasji Jehangir, the Member for Irrigation. 

“ My own work in connection with engineering has been cast 
in very much humbler mould. As Revenue Member I was in¬ 
terested in the construction of wells and tanks, which I notice your 
Vice-President, referred to only yesterday as works of a bygone 
age. I have no doubt, however, that if these works were carried 
out, as, indeed, they wore intended to tie carried out, we should 
cover a very much larger area, ami we should benefit also a 
larger number of men than can he benefited by the highest dam in 
the world or the dam which has the largest amount of masonry in 
the world. Therefore. 1 took advantage of my superintending 
engineer and appointed him to advise us as to the scope of this 
work. 

“ Gentlemen, when I thought of what 1 should say here to-night 
in proposing this toast, I east about for a definition of the word 
‘engineer’. I have come across a good many definitions. But, I 
wanted the correct, one, and the most appropriate one I found was 
that ‘the engineer is la* who does for one rupee what every fool can 
do for two’. It seems to me it is a very correct definition. Since 
the days of Solomon engineers were required., I believe, not only 
• for speculative building but for urinal construction as well. And 
from that time Governments in all countries. T believe, have been in 
the hands of engineers. Certainly, our Government has been. 
And, T rather doubt whether e\en the doughty Scotsmen un¬ 
enforced bv the strong wafers that flow at S(. Andrew’s Night 
dinner, would care Io tackle the engineer or to keep him under 
check. 

“ On a further pursuit and further examination. I found, on 
asking the advice of an engineer friend (o let me know some more 
particulars about this Institution, about its aims and objects and 
what it has set out to do, I got in reply the memorandum of the 
Institution with certain words underlined, which my friend per¬ 
haps thought would particularly appeal to me as a custodian of 
public finance. One. of your principal objects is that you will 
foster not only the science and practice, but also the business of 
engineering. T am particularly interested to notice the word 
‘business in engineering 1 ; because I cannot, help thinking that 
while a few experts perhaps have confined their interests only to 
the technical side of their work, to the laymen and the taxpayers 
what is of the utmost interest is the business side; for it provides 
the sinews of war for their various activities. Moreover, your 

6 
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President just now stressed the particular point about tlie 
economic development of engineering. 

“ I will give you an illustration of how great an importance 
ought to be attached to this part of engineering, ft is the fact 
that in this Presidency alone in the current year, while in the 
budget provision is made for a total expenditure of 22 ccores of 
rupees, no less than 0 crores or just about 10 per cent, are to be 
spent on either engineering works or through the agency of 
engineers. You can well imagine how failure to come up to the 
high standard which is conveyed in the definition may affect the 
solvency or even the safety of the State. 

“ I found further that your activities are not limited merely 
to this Presidency or to this country and that your business is to 
be extended beyond India. Wherever wc look wo find an abundance 
of both material and men which Nature has favoured this country 
with, and it is to the engineers tlial we always turn for manufac¬ 
turing our raw material and for transporting it to the markets. 
I» is therefore of the utmost importance that engineers should 
not. only be supported but that the engineering profession as such 

should be fostered, and I look forward to the day-and I hope 

that subsequent Finance Members will have a full purse with 
which to endow several engineering colleges in this Presidency— 
when the ablest sons of the land will devote their energies and 
their future life to the honourable--and, T hope, the lucrative— 
profession of engineering. 

“ Gentlemen, the presence of Col. Willis on my left reminds 
me of a little experience which T had and which again shows liow 
difficult it is to get the better of an engineer. You may, perhaps, 
be aware that in Nasik there used to be. an acetone factory. That 
factory cost the Central Government something like 50 lakhs of 
rupees. After much bargaining, the Bombay Government 
happened to buy it for some 17i lakhs of rupees. It was the one— 
I believe the only—transaction in which the Bombay Government 
on the Finance side has got the better of a superior Government. 
That factory we converted into a distillery, in furtherance of the 
policy of Government. That factory has steadily continued to pay 
about 75 per cent. 

“ But, some three years after that down comes upon us a 
representative of the Central Government. Col. Willis, and wants 
to make some very profitable arrangements on In's side. The Hon. 
Minister brought up the papers to me for some advice as an ex- 
Minister, and I at once saw that Col. Willis was Irving to get 
something back for the Central Government. T proposed certain 
other terms, and—1 must compliment this gentleman upon both 
his powers of negotiation and diplomacy—he did not accept these 
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terms at once, but wanted an interview and at that interview final¬ 
ly agreed to them. But. that wan not all. Jt is quite possible that in 
a transaction both sides may feel equally happy. I fell, certainly 
somewhat happy, but, to my dismay, I discovered some few days 
afterwards that Col. Willis informed a certain gentleman that he 
thought lie bad got an excellent bargain out of me. I only hope that 
Col. Willis will, perhaps, explain that the advantages which we 
got from the Central Government are no! going to be jeopardised. 
I wish to give yon the toast of this distinguished Institution of 
Engineers and its prosperity. " 


Lt.-Col. (1. II. Willis in reply said : 


At the behest of the Council, a holiest which I feel does me 
great honour, I rise to reply to the toasl of the Institution of 
Engineers ( India) so ably proposed by Sir Ohnmlal Mehta. I 
have had—as some of you know—a long and very intimate connex¬ 
ion with the Institution, especially in i‘s earlier years. I and the 
then Secretary drafted the whole of the Articles of Association and 
IJy-hiws and we ought to be wry much llatlered at the compara¬ 
tively few alterations which have, since been found necessary. This 
preface is merely to exhibit my qualitication to speak for the 
Institution, of which l have had the honour to be a Member of 
Council since its incorporation, and the still greater liouour of 
filling tie* Presidential chair it: lb-1 which was the last occasion 
'on which we held our annual dinner in Bombay. 


‘ As an old band, I congratulate Mr. Neilson on the wise choice 
which the Institution has made in selecting him as President, for 
this coming year, lie will find it a very busy year and, as vve 
know, be is a busy man already: but we all feel sure that when he 
relinquishes office—and judging by my own experience be will do it 
with some relief--he will leave the Institution stronger in both 
numbers and influence and in every way the better for having had 
as its head an engineer who combines with high technical qualifica¬ 
tions an excellent knowledge of affairs. 

For one moment I wish to draw your attention to the debt we 
owe to the excellent work and the loyal service of our permanent 
staff. Our Secretary has proved himself—not irreplaceable, we are 
none of us that—but of such great value owing to his intimate 
acquaintance with our affairs, his devotion to duty, and his whole¬ 
hearted zeal for the welfare of the Society lie serves that to lose 
him would be a disaster and I am sure I have you with me in 
according him our very real thanks. 

Now J want to take you with me a little way into the relation 
that should exist, and happily does to some extent exist between 
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India and its Institution of Engineers. Your Excellency, to you 
and our other guests here to-night and, through you, to the people 
of India I want, if 1 can, to make it plain that the Institution 
exists primarily to benelit India as a whole by providing for the 
profession a Society which is qualified to prescribe standards of 
technical acquirements, to nurture engineering knowledge and 
research by all suitable means, to advise Government and others 
when consulted on Engineering problems, and to uphold llie dignity 
of the profession so that from coming generations many of the best 
intellects may be attracted to a calling which promises absorbing 
work, adequate consideration and reasonable remuneration. 

The Institution claims that it has already gone far in its eifort 
to attain these aims. Started only seven years ago with a small 
membership we are now 1,000 strong. We number among our 
members most of the outstanding engineers in all branches 
throughout the country. We have published many very excellent 
professional papers of which some will undoubtedly become 
classics. Some Governments and institutions prescribe corporate 
membership of the Institution as a qualifications for appoint 
inents. It is to be hoped that this will continue and spread till 
the Institution fully occupies in India the position which in Eng¬ 
land is held by the great engineering institutions there. 

We have been consulted by the Imperial Government, who en¬ 
trust the country’s representation on the British Engineering. 
Standards and other important organizations to the Institution, 
and by Provincial Governments, on various vital matters includ¬ 
ing the education and qualiiication of engineers, the mitigation 
of floods in Bengal, and the perennial Hooghly Bridge and I ven¬ 
ture to say that the Institution’s recommendations have not been 
the least useful of those received. Tlow could they be? since the 
Institution’s corporate knowledge of engineering in all its phases 
throughout the country places it in the unique position of being 
able with certainty to indicate the man or men who are most suit¬ 
able to advise. And let me say here that L am sure that whenever 
the Council of the Institution is consulted as to the right men to 
advise, they will by no means confine their selection to the Insti¬ 
tution if in their opinion the most suitable persons are unfortu¬ 
nately not among our members. For it is with great regret that 
we still find certain eminent and eminently suitable engi¬ 
neers outside our organization. A little wider outlook and a little 
more public spirit should bring them in. We are not hound by the 
laws of freemasonry so that we can and do say to all qualified 
engineers “Join us and help the engineering profession in India 
to that position and influence which it should have if it is to minis¬ 
ter adequately to the present-day needs of the country.” 
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In the name of the Institution J thank you most heartily for 
your cordial acceptance of the toast so ably voiced by Sir Ohmii- 
lal Mehta. It is only once in about every live years that we are 
able to meet in Bombay as an Institution though you have with 
you always the Bombay Association of the Institution* Let me 
beg of you to use that Association, and through it the Institution, 
on all suitable occasions. By so doing, while you will benefit your¬ 
selves, you will benefit, us, for every cull on our Institution to 
prove its use acts as a spur in the direction which we. who have 
its welfare so much at heart, ardently desire that it should take, 
and that direction is onward and upward. 



THE RAILLESS OR TRACKLESS 
TROLLEY SYSTEM” 

BY 

A. LENNOX STANTON {Member). 


INTRODUCTION. 

In view oi' proposals recently put forward for introducing the 
“railless’' or trackless trolley system into the suburbs of Bombay, 
U is an opportune time to draw attention to the advantages, 
facilities and limitations, presented by this system of passenger 
transportation. During the autumn of IJlUb, advantage was taken 
by the author, of opportunities presented for making a personal 
inspection of such facilities in Great Britain, together with an 
investigation of the cost, aspect, with a view to the data gathered 
together being of service at a later date to the Government of 
Bombay; since however the trackless trolley system presents 
aspects of increasing interest to the general community, it was 
deemed advantageous to place some of the information before this 
Institution in the form of a paper, in the hope that it may serve to 
focus attention upon an additional aid to certain existing transport 
services in India. Furthermore, as it cannot be doubted, numerous 
conditions are known to exist in other parts of India, calling for 
improved passenger trallic facilities, where the capital expenditure 
of a tramway may or may not be prohibitive, the data now 
presented, regardless of either condition, should nevertheless prove 
useful, to whomsoever may be called upon to consider such schemes. 

DEVELOPMENTS TO DATE. 

Two decades ago in Great Britain, tramway undertakings 
formed the most eflicient method in vogue for rapidly dealing with 
the community passenger traffic of large cities and towns. During 
the decade immediately preceding the war, it is probable no aspect 
in the field of general public utilities, made a greater showing of 
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rapid progress Ilian that related to electrically operated tramway 
systems. In particular was this true, as a phase of development on 
the part of Municipal Corporations and in numerous eases so 
anxious were the local authorities to secure the complete control of 
tramways, they did not wait for the expiration of private enterprise 
leases, but everywhere endeavoured to buy out the operating com¬ 
panies on profitable terms to the community. The extent to which 
this growth attained may be judged, from the following statistics 
for the year 11)23 -1 of 170 Tramway Undertakings owned and con¬ 
trolled by local authorities alone in (Jreat Britain : — 


Ca pita 1 expend i t u re. 
Cross receipts. 
Working expenses. 
Net Receipts 
Car miles run 
Passengers carried 

After I la* payment ot 
t as chiefly diverted (o : — 


C71,311,047 
.. £23,823,170 

£18,551,128 
£ 5,209,012 
. 298,542,973 

3,783,502,310 

working expenses, revenue available 


tai 'flu* repayment of money borrowed to carry out the 
initial enterprise. 

tb) Mttking necessary provision against, depreciation and 
reserve. 


(cj The relief of rates. 

Available statistics covering 91 undertakings for the same, 
year, show that: — 

00 earned a surplus. 

25 showed a deficit. 

21 only contributed to the rates. 

70 failed to contribute to the rates. 

59 contributed to reserve. 

32 failed to contribute 1 to resene. 

31 failed to contribute to either the rates or reserve. 

Although certain undertakings are still in a flourishing condi¬ 
tion, the position taken as a whole is obviously far from being a 
satisfactory one and therefore the question of maintaining, or 
extending existing facilities, has become a matter of increasing 
importance to the rate payer. The reasons are not far to seek, for 
during the war, the main ten an ee of both ear tracks and rolling 
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stock suffered from serious neglect. In particular, unless heavy 
losses were faced, the post war renewal costs of car tracks rose to 
jin extent that prohibited re construction, on sections from which 
but a low revenue return was obtainable. In addition, as the 
result of either actual or threatened competition, from a highly 
organised development of the petrol motor omnibus, tramway 
revenues as a whole have been seriously reduced and in certain 
types of traffic areas, the consideration of alternatives to the regular 
tied to track traffic facilities, has of necessity, had to be given 
consideration. At present these alternatives are confined to:-— 

(1 ) The Petrol vehicle. 

i2; The Petrol electric vehicle. 

toi The Kail less or trackless trolley vehicle. 

Of these, (having special regard to the 170 undertakings;, the 
last mentioned, quite apart from all other considerations, assumes 
an importance in Great Britain of special significance, owing to its 
adoption providing an avenue for either maintaining or increasing 
the revenue obtainable from electric supply services, owned in the 
majority of cases, by (be same local authority as that to which the 
tramway undertaking belongs. It; follows in such cases the 
adoption of the railless system is bound to prove of great advantage 
since the combination of public utilities is, or should be, productive 
of economic objectives in other directions. A threatened competi¬ 
tion may therefore he a\er(ed and prevailing losses, competitive or 
otherwise, due to traffic conditions, may lie converted into prolits. 
Moreover in areas where the cost of laying down and maintaining 
tramway tracks has become prohibitive, the trolley-bus, as it s 
sometimes called, is even displacing the older system, either in 
sections, or in entirely. (.Vises of interest which ably present the 
strength of tlie position which railless traction is gradually 
attaining are as follows : — 

(1) Ah1i ton— Oldham. During 1027) the Ashton Under-Lyne 
Corporation took over a tramway system from a private 
Company, the permanent way of which was worn out. 
The rail less system was adopted as the cheaper alterna¬ 
tive to renewals, single deck trolley buses of the low 
loading type and having a seating capacity for 37 
passengers being utilised. 

(2) Birmingham Corporation. In the year 1921 the 
Corporation was faced with the re-construction of a very 
large amount of permanent way and one route—the 
Nechells -carrying a very light traffic, had got into such 
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a bad condition, that it was no longer possible to 
postpone dealing with the problem it presented. After 
exhaustive enquiries and much consideration, it was 
decided to abandon the tramway and adopt the trackless 
trolley in its place. 

The following estimated ligures were puf forward: — 

To re-con struct the Ncchells tramway 
for a continuance of tramway 

traffic would cost:— £90,000 

To instal Trolley omnibuses would cost : — 

12 Trolley vehicles .. £30,000 

Alteration to over head lines ... £ 3,000 

Taking up tramways and making 
good the route for ordinary traffic. 

... £13,000 

£51,000 

Less : — 

Value of 12 iramcars transferred to 


other routes. 

.. £18,000 

£30,000 

Estimates of Receipts, etc. : — 
Tramways : — 

, Receipt basel on previous 
Expenses 80% 

years 

£28,300 

£22,040 


Gross Profit 

£ 5,000 


Jf the amount required for recon¬ 
struction was rnaile the subject of a Loan, 
ihe Interest and Sinking Fund charges 


would amount to 


£ 9,000 

Trolley buses : 

Loss 

. £ 3,340 

Receipts 

... 

£28,300 

Expenses 80% 

Less :—Saving l£d. per mile 

. £22,040 


P. YV, repairs 

. £ 1,502 

£21,078 

Gross Profit 

£ 7,222 

Interest and Sinking Fund charges 

... 

£ 4,100 


Profit 


£ 3,122 
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The foregoing figures showed that there would be an estimated 
saving in capital expenditure of £54,000 and an estimated profit on 
working of Trolley omnibuses of £3,122 per annum, after paying 
Interest and Sinking Fund on the new capital required, as against 
a loss of £3,340 in the case of a tram service. The new system was 
opened for traffic during November, 1922, and the extent to which 
the section of route in question, now acts as a feeder to the regular 
tied to track system, may be judged from the following statement 
extract of receipts covering period April 1st, 1921, to March 31st, 
1925: — 


Miles run ... 309,180 

Passengers carried ... 5,547,200 

Receipts ... £27,845-5-34 

The cars in use are of a double-deck type with the addition of 
a top cover, they have proved very popular with the public, run 
with great smoothness, are practically noiseless and can seat. 51 
passengers. 

(3) Bradford Corporation .—A pioneer of the railless system, 
which has been in operation on suburban routes since 1911. In 
this city the financial aspect brought about by the combined costs 
of maintenance and tramway reconstruction, have called for an 
investigation of the position as presented by proposals to substitute 
the railless system in entirety for the older system, based on a cost 
of conversion spread over a period of fifteen years. That such 
proposals call for the exercise of sound judgment and wide 
experience, will be self-evident from the following figures for year 
ended March 1924, and subsequent extract report data: — 

Tramway service commenced in the year 1898. 


Route miles in service 

60.28 

Total capital expended 

.. £1,422,258 

Traffic Revenue 

... £ 624,778 

Operating Costs 

... £ 504,931 

Car miles run 

... 6,863,348 

Passengers carried 

. . 92,683,421 


The railless section of the system represents a capital expendi¬ 
ture of £28,584, operating on 9 m. 39 eh. of route and during the 
year quoted 408,23(5 car miles were run carrying 3,601,004 
passengers. 

In a report circulated to members of the City Council Mr. 
R. H. Wilkinson, the General Manager of the Tramways, states 
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tliat tlie approximate Having; that would be effected each year in 
capital charges as against reconstructing the tramways would be 
£0,600 and gives the following figures as indicating the approximate 
results likely to be obtained from three possible means of 
transport:— 



Tramwavs 

• 

Railless 

Buses 

Total cost 

£107,623 

£50,849 

£43,649 

Working expenses 

9,126 

10,333 

12,271 

Interest and Sinking Fund 8,918 

5,049 

6,894 

Total costs of operation 

18,014 

45.382 

19,165 

Income 

9,638 

11,191 

11,194 

Estimated annual loss 

8,411 

* 1,191 

7,974 


“Estimated for tirst 15 years. 

Special attention is also drawn in I lie report lo the point, that 
the Corporation Electricity Department is losing a good customer 
in the event of a decision to adopt motor buses. In this case, the 
Tramway Department purchase* their power from the Electricity 
Department for l ! ,d. per unit ami dating tin* year for which data 
is given (11)21), the number of units used was 15,406,787. This 
aspect cannot therefore be ignored. 

(4) Bournemouth -Here also, the hea\y cost ot reconstruc¬ 
tion, estimated at approx. £50,U(M) has rendered it imperative to 
consider alternative proposals. 

(5) Charterfield .--The down Council has decided to introduce 
a railless transport for 1 Ik* town and has recommended an expendi¬ 
ture of £27,548 for the comersion ol the tramway overhead 
equipment and the purchase of It trolley vehicles. 

(6) Darlington .—The Corporation has applied for powers, 
which if sanctioned, will enable them to replace six miles of exist¬ 
ing train way by trolley buses, together with extension work, 
providing for a further six miles of service on the same system. 

The application Hill has been read for the second time and 
comparative figures of interest are ns follow s : - 

To relay the tracks and purchase new frarncars would cost 
£160,000 against a cost of £85,000 for replacing overhead 
equipment and purchasing trolley buses. The position 
defined becomes worse if extensions are carried out on the 
old system, inasmuch that to the £160,000 has to be added 
£140,000 for laying new extensions, making a total of 
£300,000, whereas the extension routes for trolley buses 
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only cost £25,000. Thus including the extensions, the total 
outlay for tramways would be £300,000 and for trolley buses 
£00,000. The opening of one section of the new trolley 
system took place on the 17th January, 192(5. 

(7) Hartlepool and West Hartlepool Corporation. —A some¬ 
what similar position to that outlined in the preceding case pre¬ 
vailed and a decision has been made in favour of the railless system. 

(8) Kciyhlcy Corporation. —This Corporation has the distinc¬ 
tion of being the first town to abandon altogether the tramway 
system originally operated and replace it wholly by railless 
services. The last tram ran in December 1924. Figures which 
led to the decision are as follows :— 

O riyinal Tra m trays. 

Estimated cost of relaying 21 miles of worn out track £30,000 

Renewal and mainienanee of remainder (per annum; £ 3.500 

Annual cost, including capilal charges which could 

not be met by profits £ 0,150 

Railless /S 'ubstitution Th i ouyhont, 

Estimated cost of substitution of railless on whole 

system of 0 02 miles including new cars £27,850 

Annual capital charge, on above £ 1,038 

Profit estimated at. (per annumi £ 2,970 

which would be available for meeting charges on old undertaking. 

(9) Woleerhampton : —The trolley bus has also found much 
favour here and is being rapidly extended, several hitherto 
non-paying routes on the old system have been converted 
into paying ones through the change. 

(10) Finally, the Ministry of Transport return issued in J92a 
shows that 13 local authorities and one Company operated 
trolley omnibus services, whilst 17 local authorities and 
one Company have obtained powers for operating. The 
total route length open for traffic was 544 miles and powers 
not yet exercised provide for an additional 113-5 miles. 
During the year 18,441,102 passengers were earned, an 
increase of 6,037,655 or 56-2 per cent. The number of 
miles rim increased by 36-6 per cent to 2,188,764, whilst 
energy consumed amounted to 2,920,947 units, or an 
average of 1-33 units per car mile. 

The list could be still further augmented but it will be self- 
evident that the trolley bus has come to stay and that in common 
with other developments of a similar order, the experimental stage 
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has passed, which however should not he taken to mean that 
finality has been reached, any more than is tin- case with the motor 
bus. Turning to conditions elsewhere, I lie facilities of trolley bus 
traction are being taken advantage of to meei an economic situa¬ 
tion, similar in attribute to that of Omit Britain, in Shanghai, 
South Africa and New /(‘aland. 


RUNNING AND MAINTENANCE COST ASPECTS. 


Now closely associated with the question of capital costs on 
proposals made, are tin* unavoidable and ever important elements 
or running Gists and maintenance costs. These items necessarily 
call for careful examination and as will be readily understood, it 
is not an easy matter to obtain reliable data thereon. Apart from 
the. aspects of capital expenditure which lm\e pro\cd most effective 
in bringing about (In* present development, one of the main argu¬ 
ments [Hit forward in favour of tin- trolley bus, is its low running 
cost, as compared with hot It its greatest competitor the petrol 
motor bus, and the tramcar. Aboni both however exists a con¬ 
siderable divergence of data and it will be obvious, comparative 
costs to be* of value, must allow for and include, all the local 
elements called into opmnlion, which admit of reasonable inter¬ 
polation. Eor any traction problem worthy <*f the name, the 
matter clearly is not so readily sol\ed. as is the question say, of 
comparing the costs of generating cleclvicil \ . Eor example, the 
running and maintenance cost* of suburban electric train service 
in and around Bombay, necessarily cannot present a similarity of 
local element* to that which exists in Melbourne or Durban. 
Apart from all other factors, this divergence is bound to reflect 
itself at some point upon (lie cost of operation. As related to rail- 
Jess fraction, t he elements which hear most on running and main 
tenanee costs are :— 


(1 ) The seating capacity and the type of vehicle used. 

(2) The schedule speed and the number of stops per mile. 

(3) The condition of highway and its gradients. 

(4) The price paid for power. 

The design and type of vehicle used will be chiefly governed by 
(1), (2) and (3), which again have a close connection with main¬ 
tenance. Primarily (J) and (2i w ill be governed by the traffic 
conditions. Here it may not be amiss to state, that as related to 
design, it is remarkable what a uniformity was, and still is to be 
found in the general lines of British tramcar construction. Any¬ 
one who has seriously endeavoured to get improvements effected 
of provable utility, will therefore know how difficult it was to get 
the oar-builder to make a change, if it involved any radical depar- 
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turn from pre-conceived standards. This was owing chiefly not so 
much as may be thought, to the economic equation it presents to 
production cos:, but more directly to an inertia which always 
resists change of any kind, until forced to yield to if. Following 
too closely a modilied form of tramcar construction, the design of 
I he earliest trolley buses was such as undoubtedly delayed giving 
proposals for their adoption the same consideration that is given 
the matter to-day, Paradoxical though it may appear, the advent 
of the petrol motor bus, the most formidable competitor of the 
tramcar in suburban and the Jess densely located transport services 
brought about a utilisation of the motor-bus designers’ services 
and it cannot be gainsaid, that the present day successful vehicles, 
giving daily satisfactory service, are largely the result of splendid 
cll'ort on the part of designers, competent to build both types of 
vehicle. Photographs are appended which clearly illustrate the 
trend and scope of the most up to date trolley bus design. Turning 
now to the question of cost, the following data should prove of 
utility :—Table I gives some statistics of tramway costs; Table IT 
statistics of Municipal railless services; and Table III some 
statistics of motor omnibus services. All the tables include locali¬ 
ses in common and indicate operating conditions and costs, which 
to some extent admit of reasonable inferences of comparison for 
traffic purposes. As a further aid in this respect, the following 
(treraycfi based on the figures given and relating to the three types 
of transport service covered should be useful. 

ELECTRIC TRAMWAY SURVIVE. 

Average revenue per car mile oil nine undertakings -- 19 22 d. 

,. operating costs per car mile on nine ,, -- 14-51} ,, 

fare per passenger ,, ,, ,, - 107 „ 


RAILLESS SER VIVE. 

Average revenue per car mile on twelve under¬ 
takings 

Average expenses per car mile (including power) 
on 12 undertakings 

Average fare per passenger on 12 undertakings 

MOTOR OMNIIUJS SERVICE. 

Average traffic receipts per bus mile on four 
undertakings 

A\erage expenses per bus mile on four uuder- 
takings 

Average fare per passenger on four undertakings 


15-19 d. 

10 32 „ 
197 „ 


10-900 d. 

13-058 „ 
2 630 „ 



SOME STATISTICS OF ELECTRIC TRAMWAY COSTS. 
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Note:—* (Ipswich) figures shown are from September 2/23 to March 31/24 only. 

(Wolverhampton) figures shown are from October 29 23 to March 31/24 only. 
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To those interested Table IV which follows may also be of 
8t rviee and attention is invited to the closeness of the average 
units per car mile shown over the periods taken. True, statistics 
are often misleading, not infrequently too, of intent, but the 
checked averages undoubtedly indicate a uniformity of creditable 
performance on the part of motorinen, taken as a whole; which 
matter incidentally, had no bearing whatever on the selection 
made. 


TABLE IV. 

ELECTRIC TRAMWAY UNDERTAKINGS. 


Name of 

Town. 

ended 

March. 

Kelvins or , 
kwh used ; 
per car 
mile. 

Year 

ended 

March. 

! Kelvin or 
! kwh used 
per car 
! mile. 

Aberdare 

1928 

1-87 

1921 

105 

Uirmingham 

7 > 

ISO 

7 7 

L-GK 

I»rad ford 

yy 

221 

7 7 

; 220 

Halifax 

yy 

2 41 

77 

2-48 

Ipswich 

yy 

1-88 

1925 

1-29 

Keighley 

yy 

1 85 

1921 

1 -85 

Leeds 

>7 

1-77 

— 

— 

Wolverhampton 

77 

1-57 ; 

1924 

1 57 

Fork 

77 

1G8 


1-81 


Note The average units taken on eight 

undertakings shown for 1023 - 1-7ft per car mile 

” ?’ >> >’ *» 192 - 1-25 - l ‘<6 ,, ,, 

Special Note :—The 1924 return for “ Railless ” services shows an 
average of T33 units per car mile, taken over the 
whole systems in operation. 
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It follows from wliat has gone before, that whereas the comparison 
figures are of little or no technical value, that being outside 
the function of the tables, they nevertheless do present exceedingly 
useful information regarding trallic and its relation to the all- 
important financial aspect. The latest available data on operating 
cost are as follows : — 


Period. 

i Name of ; Type of 

Town. Vehicle. 

! i 

! 1 

Operating costs 
per car mile. 

1925 

1 

! ; 

Birmingham'Petrol motor buses (1).1>.) 

13 00 d. 


1 t ii 

! „ * Tramears 

12-59 „ 


,, Hailless (I).L>.) 

12-06 „ 

>5 

! West 



i Hartlepool Petrol motor buses 

13-00 „ 

1 > 

,, Tramears 

18-49 ,, 

5> 

| ,, Hailless 

10-59 „ 

J > 

| York Tramears 

13-81 „ 

M 

; ,, Hailless (K.D.) 

12-68 „ 

> } 

j Teeside Kailless 

j Hail less Bd. 

I 

i 

12 05 „ 


('becked in another form, the Tramways Manager (Mr. C. O. 
Silvers) of Wolverhampton Corporation, states the total costs per 
100 .s teat miles for the three types of transport are as follows : — 

Motor buses 44'56 d. 

Tramways ■ ■ ... = 39 56 ,, 

Hailless = 37 34 „ 

At Keighley, a, check on the running cost for petrol per car mile 
on the motor bus = 2-99d. as compared with the eost of l'93d. for 
electricity on the railless system. Turning to maintenance, the 
City Treasurer (Mr. F. Ogden Whiteley) for Bradford, states the 
eost of maintaining railless cars is considerably heavier than in 
the ease of tramears. On the average of the last five years, the 
Corporation railless ears have cost £472 per annum each to 
maintain, while the tramear costs only £359 per annum. Local con¬ 
ditions of course may have a great bearing on this point. Through 
the courtesy of the General Manager (Mr. R. IT. Wilkinson) 
of the Bradford Corporation Tramways, I am enabled to 
place before you the following comparative statement excerpts of 





50 


THE INSTITUTION OF ENGINEERS (INDIA). 


average cost per car mile, of tramways and railless, for the year 
ended 31st March, 1925 : — 

Traffic Expenses. 

Tramways 
Hailless 

General Ex pc n scs. 

Tram wavs 
%> 

Kailless 

Repairs ami Maintenance. 

Tramways - U92Gd. 

Kail less - 3 9G0d. 

1 1 083d. 1M9J d. 


- 7 18GU. 

G471d. 


- 1 Gild. 

lOGOd. 


Under (lie las( sub head, (ho i(em “permanent way” absorbed 
1393d. on the tramways against nil on (lie railless, on the other 
hand, the item “cars” shows a debit of 3 l27d. under railless, 
against a debit of 2009d. under tramways. 


The figures relate to : — 

lion to miles 

Car miles run 

Average car miles run per 


Tramways 

Kailless 

. . 59 007 

9 188 

2,180,002 

118,750 

route mile 37,010 

15,007 


FACILITIES AND LIMITATIONS. 

The rapid development of self-propelled or power-driven 
vehicles during the last two decades, hash'd to an unprecedented 
utilisation of such Irallic facilities. This advancement of mechani¬ 
cal art lias compelled the modern highways engineer to realize, that 
roads and vehicle's must be studied with as deep a comprehension 
of their economic aspect and the necessity for foresight, as the 
building of a railway demands, if vast sums of money are to be 
spent wisely and ability to prove efficiency in a public utility service 
second to none, is to be demonstrated. One outcome of this state 
of a flairs is a definite recognition on the part of responsible 
authorities, that while the problems of surface traffic congestion 
call for no constructional technique in the spectacular sense, 
the two problems are nevertheless so intimately related in the final 
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its iiIts obtainable, that no town planning schemes, street widening 
projects, or regulations lor the betterment of transport facilities, 
can afford to ignore their proper co-ordination. In addition, the 
costs ol' street and road maintenance have attained an importance 
of undreamt of significance to the rate-payer and tax payer. 
Contrary to expectations, neither the total elimination, where 
possible, of slow moving vehicular traffic, nor vet the tremendous 
reduction effected thereunder, as the result of higher speed 
mechanically propelled vehicle substitution, has sufficed to bring 
about the desirable state of affairs many bad hoped would follow 
therefrom; on the contran, the difficulties experienced have pro- 
vably increased, by reason of the highways being called upon to 
carry more and more vehicles, having dimensions, weights utid 
speeds of every conceivable order. The extent of this aspect may 
he judged from flic following figures taken from London statistics 


/\Cs>/;A (ll'I? AOU/LNIIYL IN (!Ill]A 77,’A' LONDON. 


Year. 

Millions of Passengeis 
carried. 

(Railway traffic excluded.' 

Estimated 
population 
of Greater 
London. 

Journeys per head of 
population. 

(Railway traffic excluded.) 


^Tramway 

Omnibus. | 

Total 


Train way 

Omnibus. 

Total. 

m-j 


2S7 

(iSJ 

<;,72<;,<>r.ii 

.">S 

| t:i 

101 

nm 

si 2 

7.!0 

1,548 

7,15.'!, 1 Mill 

11(1 

loo 

210 

1 * 12:1 

io.r. 

121 4 

2,241) 

7.1)2,), Ml 

l.lli 

15!) 

205 


Factors of obstruction are therefore of c\cr increasing importance 
and the* tramcar which operates in narrow streets or highways, 
labours under two disadvantages coming under this head. In the 
lirst place, all stops in general are made at. points where passen¬ 
gers either getting on or off, have no option hut the one of crossing 
a street or high way, with at times its undoubted attendant risks; 
in the second place, the failure of supply on a route section is 
productive of congestion, owing to its usually occurring at a time, 
which causes a long line of ears to he held up. Like the motor bus, 
the trolley bus operates in such a manner, that it can pull up at 
the kerbside, the most desirable point to either get on or off, 
wherever desired on the line of route and should a failure of the 
supply occur, it does not necessarily imply an undesirable if but 
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temporary, monopoly of that part of a thoroughfare, which free 
fast moving traffic equally claims a right to use. At the same time 
it should not. he overlooked that for dealing rapidly with dense 
traffic, no existing system of street surface transport; alfords the 
same facilities as does a well organized and- properly maintained 
tramcar system, nor tan it do so at less cost with the same relative 
advantages. Technical aspects outside the scope of this paper and 
chiefly associated with the mechanical ability of the (ruincur to 
operate under conditions of greater overload capacity than any 
other road vehicle, plus the advantages derived from the use of 
two motors under series parallel control largely contribute to this 
end. True, motor bus competition in Glasgow has resulted in an 
estimated loss to the tramcar system of £100,000 per annum and 
legislative powers are even being sought in Greater London tending 
to limit competitive conditions, where the tied to track conditions 
are found running at a loss, but that there still exists a field for 
both free and tied to track traffic, cannot be doubted. A good 
example of the excellent facilities afforded by the now oft-looked 
down upon tramcar is to be found in traffic, figures for the Metro¬ 
polis of London during 1918, wherein it was shown that each motor 
omnibus ran 37,500 miles and carried 303,000 passengers, while 
each tramcar ran 39,000 miles and carried 515,000 passengers, [t 
is now possible to make a comparison of the relative advantages 
and disadvantages of tin* three systems of passenger transport 
which have called for consideration, in order that the claims of 
“ railless ” can be, properly presented. 


Financial Aspect . 

On the capital expenditure side, the petrol motor omnibus 
system shows to the greatest advantage, inasmuch that such 
expenditure more readily admits of accommodation to a variable 
factor of utility than does the tramway or railless system. In the 
latter ease, capital expenditure on a permanent rail track is 
eliminated, together with its incidental maintenance, but expendi¬ 
ture ou the overhead line work is increased, by reason of a double 
conductor system being required. Depreciation is higher in the 
case of the motor omnibus and e.r-epdiny for tyres* , lowest in the 
ease of the railless vehicle. If, however, tyres ai.* included, then 
granted normal conditions, depreciation at present is higher in the 
case of “ railless ’’ than for the tramcar. 


Iterrnur-earning Fa parity. 

1'roni the data presented it will be clear, the most important 
elements from a traffic point of view, will be the elements ef 
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capacity, Uexibility and service reliability. The conditions of 
service called lor will normally govern capacity and the tramway 
here easily comes lirst by the nature ol the case. The petrol motor 
omnibus and railless bus being so allied to each other in construc¬ 
tional design, leaves little or no element ol great divergence 
between them where capacity is concerned, since both types admit 
ol being built up us required, either as single deck or double deck, 
low loading vehicles. Flexibility is an element which may be 
relative or not, according to the point ol treatment. Thus, where 
conditions permit ol entering a tramcar at a specially constructed 
covered street crossing stop and travelling right up to a railway 
terminal point, the same degree ol liexibilily would be attributed 
b„ many, as that applicable to a petrol motor omnibus doing the 
same tiling, with the exception that the latter carries passengers 
to the kerbside. Under certain traffic conditions, the tramcar too, 
may even reach the terminus (irst, since vehicle liexibilily is by no 
means the same thing as route liexibilily. Treated in us generally 
accepted sense, however, the tramcar is tied to both track and 
overhead route, even as the rail less bus is tied to the latter only 
and therefore the petrol motor omnibus possesses the greater degree 
oi Jlexibility, from the point ol view that it is a complete, self- 
eon t aim'd, propelling unit, limited only to the routes and highways 
along which it is licensed lor service. Nevertheless despite its 
being routined to a route, which is limited by tbe distance to which 
an electric supply feeder can deliver energy suUndent to maintain 
the necessary pressure to operate trolley buses from an overhead 
trolley system, t he trolley bus hav ing a range ol not Jess than 
thirty live feel within w hich to manipulate at will, in and among 
other highway trallic, possesses on such a route 1 , an equal degree of 
service liexibilily. As a revenue earning proposition, the petrol 
motor omnibus, with its greater elasticity ol movement at road 
crossings and ability to travel wherever licensed, between points 
where distance cannot present the same limiting factors* that it 
does in the ease of the other systems, has not only in many places 
compelled tramway authorities to adopt it themselves as a sub¬ 
sidiary to the tramway proper, but it lias also diverted considerable 
traffic of) tbe local railway systems. Now speed of transit is a 
positive determinant in traffic* problems and in this element, 


•Noth Messrs. Tilling-Stevens, the well-known producers of the petrol electric 
bus, have had a type of petrol electric trolley bus in operation for 
some time. This vehicle is built, to operate either as a trolley-bus, 
or on the Tilling-Stevens petrol-electric principle. Tlio combination 
enables the vehicle to he used for long distance running, it therefore 
possesses all the flexibility of the petrol bus, with the advantages of 
the railless, for use on routes which call for such a service. 
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•• railless ” shows to the greatest advantage over the petrol vehicle. 
Factors of the element in question are:— 

(1) Ability to get away aud pull up in a minimum of time; 
i.e., rapid acceleration and deceleration, supplemented by 
easy control under congested traffic conditions. 


(2) High average speed regardless of gradients. 


(.’I) High overload capacity. 


These factors moreover, have a definite relation to the comfort of 
the passengers carried, which cannot be ignored and here again, 
the “railless” system, using pneumatic tyred, well sprung vehicles, 
compares most favourably, since it demonstrates them to a high 
degree; in addition, no one who has had the experience, can fail to 
comment most favourably on the absence of noise and vibration 
afforded by “ railless ” as compared with the petrol motor omnibus. 
There being no changing of gears or other disturbing elements 
which abuse the sense of “hearing” to the same degree, nor yet 
the emission of noxious fumes which abuse the sense of “ smell,” 
it also follows, the extension of “ railless ” has proved popular 
wherever it has been adopted, which statement is not to be taken 
as lacking in respect for the builders and operators of the petrol 
bus. Having reference to the factor of reliability the figures of 
mileage aud cost already given, show that each type of vehicle 
possesses reliability to a high degree and it cannot be doubted, the 
successful manner in which passenger transport services operate as 
a whole, under variable conditions of service and climate, prove 
that both the builders and operators of vehicles, recognize the 
great importance of paying special attention to this point. Sum¬ 
marised briefly, the case for “ railless ” traction is clearly 
established as being in every way advantageous to the public, 
wherever traffic conditions call for improved transport facilities, 
but the capital cost of a tramway proper is prohibitive. Secondly, 
where a tramway system already exists and successful development 
works are proceeding, an obvious Huty of the tramway authority 
is one of examining the conditions, with a view to extending its 
overhead system for railless service into suitable districts, serving 
as feeders to the main system. With either case in question, the 
electric supply authorities exist to obtain a greatly enhanced 
revenue and the general public a greater demonstration of the 
utilitarian advantages presented by the advancement of the 
mechanical arts. 
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CONCLUSION. 

Turning now to India, it cannot be too clearly recognized that 
despite many obstructive elements which aw often erroneously 
attributed to so-called political ideals, or even to beliefs of another 
order, the wheels of progressive effort cannot be arrested. Sooner 
or later and the signs of the times are, that it cannot be postponed 
over long, India will either be compelled to take up a far greater 
position of enterprise in the world’s work, or pay the inevitable 
penalty which follows a continuance of lethargy and indifference t<> 
the higher welfare of its millions. As the standards of living 
change in an upward sense, with the diminution of illiteracy, even 
so does the tendency for a greater development of industrial effort 
make itself felt. Such expansion is invariably productive of density 
increases in area population and it cannot be doubted, apart from 
all other considerations, the provision of cheap and rapid transport 
facilities, forms one of the greatest assets in everyday life. As 
related to the subject, of “ railless ” and quite distinct from the 
efforts of private enterprise in connection with electric supply 
undertakings, the gradual eleclritieation of the, railways either pro¬ 
ceeding or projected, should bring about conditions tending to call 
for increased highway and local subsidiary transport facilities at 
many undeveloped points. If, with all due regard to the commer¬ 
cial aspect, as can be shown elsewhere, its development gives an 
impetus to the unliftmcnt of communal life, no avenue of expansion 
should be ignored. Excluding the great railways and associated 
with a few of the leading cities, the highway transport Held of India 
is yet but little developed and little or no co-ordination of effort to 
recognize its importance as a means of relieving housing congestion 
ii. industrial areas, or as an aid to successful industrial effort, or 
even as an indication that pedestrian traffic merits the considera¬ 
tion found elsewhere, can be proved to exist, between the various 
authorities having the powers necessary for stimulating such 
development. It is true such developments call for much money, 
but I venture to think the greater need is spade work of an educa¬ 
tional order, and such labour is held to rest on a far higher basis 
than does the too common one of endeavouring to effect economies, 
more often than not, provablv retrogressive and non-productive in 
character. 

In conclusion, I desire to place on record, my sincere thanks 
for courtesies and facilities extended to me in particular by, 
Messrs. Alfred and A. 0. Baker, respectively General Manager and 
Chief Engineer of the Birmingham Corporation Tramways; to Mr. 
R. H. Wilkinson, General Manager of the Tramways Dept., 
Bradford; to Messrs. Railless, Ltd., of London; to Messrs. Richard 
9 
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Garrett and Sons of Ipswich. For useful data I am also much 
indebted to:— 

Montague H. Cox Esquire. 

The Clerk of the Council, London County Council. 

The Proprietors of the Municipal Journal, Ltd. 

The Proprietors of the Electric Vehicle. 

The Proprietors of the Electrical Times and others. 

Your atteution is furthermore directed to 

(1) Fig. 1. which illustrates how good acceleration is obtained 

from a type of motor specially designed for “ railless “ 
service. The curves relate to a motor built by Messrs. 
Bull Brothers, Ltd., of Ipswich, and cover a ventilated 
type motor—one hour rated—for 50 IJ.-P., at 1000 
K.P.M. It is built in accordance with the B. E. S. A. 
specification No. 173 of 1923. The commutation is 
absolutely sparkless at any load up to 250 amperes with 
33% field diversion. 

(2) Appendices Nos. 1 and 2 show tramway statistics illustrat 

ing the extent to which surface transport traffic has 
developed in localities far apart and operating under 
entirely different local conditions. 

(3) Appendix No. 3 gives particulars of railless vehicles in 

use at Bradford. 

(4) Appendix No. 4 gives vehicle weight comparisons. 

(5) Appendix No. 5 gives the leading dimensions of a Garrett 

trolley ’bus. 

(6) The three photographs illustrate :— 

(a) Two Types of trolley ’buses in service. 

(b) Constructional details of a Garrett trolley ’bus 
chassis. 
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NOTE:— For Tramways and Omnibuses combined, the year 1922-23 recorded an increase of 204 per cent in Passengers carried 
and an increase of 24.6 per cent in Car miles run. 
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Census population for year 1921 numbered 1,175,914 
Estimated ,, 1921 (June) was 1,239,767 
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BRADFORD CORPORATION TRAMWAYS. 
Particulars of Railless Vehicles. 
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Abstract from paper of Mr. E. M Munro read before the Congress of Tramways and Light Railways 
Association, Bournemouth. 
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Speed Curve for 50 H.P. Bull Motor Showing that the Torque does 
drop off Rapidly at the Higher Speeds. 













































DISCUSSION ON 

RAILLESS OR TRACKLESS TROLLEY SYSTE 



The Chairman in opening tlie discussion congratulated the 
Author on his interesting and instructive paper and remarked that 
his investigation into the statistics of so many tramway under¬ 
takings must have involved, in itself alone, very many hours of 
work. If railless traction were in any way to displace the existing 
track system in Calcutta it could only be done in small sections 
to start with, such as, possibly, over the new Howrah Bridge to 
connect the tramways on the Calcutta bank with those on the 
Howrah bank of the Ilooghly. Consideration of the running of 
tramways over the new Howrah Bridge is being duly given, but 
th$re are some difficulties to be got over in the way of the llexure 
joints of a floating structure. "With a fixed tramway track should 
a bullock cart break down athwart it a whole line of trallic is held 
lip by the tram rendered stationary, whereas a railless bus could 
sweep round the obstruction and not block the truffle, behind, and 
this is a very material matter for people crossing the Howrah 
Bridge to catch a train at Howrah Station. On the other hand 
there would he the incoveuienee of passengers having tO-...change 
from tramway into trolley-bus on one side of the river nnffj^hfter- 
wavds from the trolUjjj^bus into tram on tin 1 other side. It was of 
considerable importance to the Members of the Institution 
Mr. I)nin of the Calcutta Tramway Company was present in tinF 
audience, and it would be of interest if Air. Dain could give us 
some information regarding the life of tramway track under condi¬ 
tions obtaining in an Mas tern tQjjflJjp like Calcutta. According to 
the Author’s figures the cost of the tramway track at Keighley 
worket^jut to something in the neighbourhood of Its. 33 per 
runniii^f root and it woull he of interest to know how that compares 
with the cost in Calcutta, It was worth noting the remarkably 
gondjestimating of the possible trolley-bus receipts in tlie case of 
the Iwrtninghan^ Corporation, their estimate being £28,300, and 
the actuals £27,845. Apparently receipt® come in most cases to 
about an all-round average of Is. Od. per mUt>.‘ One of tlie advan¬ 
tages Of tlu^ Author’s Paper has been the bringing to light to 
members OTjjjjjgor Institution the fact that the railless trolley-lms 
system lia'fnflow been in use for a greater number of years than 
many of us muld have thought; and in a good many places too; 
and that as long as 10 years ago the system was nd effi^o d by the 
III adford Corporation. 
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The cost of a railless route apparently hovers between one- 
ftfih and one-sixth of the cost of new tramway track, and the 
energy consumed works out at an average of about 1*83 units per 
trolley-bus mile. This figure would be of interest to Mr. Daifi HI 
a comparison with his Calcutta tramway costs. 

On page G of the Paper Interest and Sinking Fund charges on 
the total capital cost of the three different systems are given. In 
the case of Tramways this works out at 8£%, in the case of the 
railless at 10%, and in the case of ordinary buses at nearly 10% 
of the capital cost. In the case of the annual capital charge of 
tlie railless system at Keighley this apparently works out at 14|%. 
It is rather difficult to reconcile these differing percentages. The 
Author comments upon the constant difficulty there always is in 
effecting any change involving a radical departure from existing 
standards. Calcutta, however has taken on a new lease of life 
during the past two years, as evidence by its numerous buses and 
judging by their multifarious designs. 

An interesting point brought out in the Author’s statistics is 
that for every unit of 100 seat miles the railless system is the 
cheapest of all three systems. From the statistics of passenger 
journeys in London it would appear that bus traffic now predo¬ 
minates but the Chairman rather agreed with the Author that 
there probably existed a tield for both free and tied-to-track traffic, 
and that this was the broad and probably the most correct view 
to talc$. If a trolley bus has a, range of some 35 ft. within which 
to manipulate is there not, considerable likelihood of a bad driver 
disconnecting the trolley arm from the overhead wiring? Presum¬ 
ably however this is simply a matter of experience. Unquestion¬ 
ably the absence of noise and vibration and of the smell of fumes 
are distinct adjuncts to a rail less trolley system. 

A point of pathetic interest to note from the statistics given by 
the Author regarding the London County Council tramways is the 
fact that out of 2,012 cars in service in 1923-24 only two df these 
were horse drawn. Probably to-day even these may no longer exist. 

Colonel Sir Gordon Hearn said, in view of the author’s state¬ 
ment on page 52 that “ no existing system of street surface 
transport affords the same facilities as does a well organic! and 
properly maintained tram Oat* system, nor can it do so at less cost 
with the same relative advantages ” he felt supported in his 
opinion that tramways have not of recent years had a “ square 
deal ”. The British temperament approves of unlimited competi¬ 
tion and perhaps rightly so, but it is a grave question whether 
recently the tramways have not been unfairly handicapped. 

Originally welcomed, long before the petrol driven bus 
ai pea red, tramways were made to keqj^pp a considerable area of 
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Lull road surface, which flu* drivers of ears, owners of buses, an d - 
the public now exploit lo flu* Utmost, resenting the right of 
once given to the tram ear. No doubt flu* fact that file Irani cur 
dues hot draw up at the pavement and therefore both passengers 
and road traffic- are temporarily incommoded, has a good dCM Ups 
do with the prejudice against tramways, a prejudice which t’ * 
author’s remarks show to be unreasonable. It is surprising 
find what an increase in tramway journeys per head has taken 
place in (Jreater London, in tin* last ton year period given on p. 51, 
in spite of the great eompetilion of motor buses. Tramways 
therefore are providing for a real need and it is unfortunate that 
co-ordination of transport facilities by traffic authorities is so 
neglected. It was for this co-ordination that the London General 
Omnibus Ounpany in 1!>24 conceded some of the demands of their 
employees, hut has this advantage materialised? A recent 
endca\our to restrict certain buses from overcrowding a certain 
route ended in failure when the. last case came before the 
Magistrate. 


A good deal is said about tramways being worked at a loss 
and as a charge on the rates, but probably tliis loss is offset by the 
local authority being at less expense in scavenging in the central 
areas, while the wider distribution of houses adds to the rateable 
capacity. Or again the workers may live in the areas of other 
authorities, and many expenses fall on them—so that the loss may 
reallv be a. matter of allocation onlv. 


The encouragement given to motor buses by the public lias to 
be paid for, and possibly the local authority has not looked with 
disfavour at private enterprise finding (lie capital, which otherwise 
would have had to he spent on more tram ears. Again the “travel 
habit” must be good for the tramways. l>ul when the question ot 
scrapping the tramways arises, no fund has l>een formed for that 
purpose, and private tramways have vested interests, which ex peri 
once shows are usually to bo acquired only at a high figure. 
Therefore, the suggestion to use the overhead equipment, modified 
though it may have to he, with railless buses is an interesting one. 
At the same time the figures on page 44 seem to show that railless 
servhVdoes not compare well with motor buses, and in particular 
the fares charged, or at least realised, seem to show a considerable 
difference. Yet many of the systems aTe operated side by side, or 
in the same city. The capital outlay per mile seems heavily in 
favour of the motor bus, at Wolverhampton for instance. 


The impressions left are that there has not been sufficient time 
to ii try out, ” the railless system and that profits fMj&resent are 
not sufficient to find a depreciation and sinking fund on both new 
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• ami old equipment, if llit* latter, except the overhead trolley wires, 
is to he scrapped without resorting to confiscation. 


The author is to be congratulated on the industry*with which 
he lias accumulated figures, which ought to be ol‘ great use in 
calculating financial prospects. 


Mr. IF. A. Jin-if cm said, the principles enunciated in the paper 
hy Mr. A. Lennox Stanton on the subject of the Kail less or Track¬ 
less Trolley System must by the very nature of the conditions 
prevailing in India be limited iu application. The number of 
towns where electric tramways are operated cau almost be counted 
»*n one’s lingers. 


In all other large urban areas it is astonishing to see the 
development of passenger transport by means of the motor bus. 
I Ids, by first cost., maintenance and overhead charges, being 
(hcaper than is possible in European countries, puts the motor bus 
in a favourable position to compete with other forms of road 
f lansport. 

It is therefore open to much serious thought when... civic 
authorities are considering' tin* development of urban traffic, 
whether such progress should not be in the direction of more motor 
busses and eschew the attractions of an electrified system. 

One has only to see what lias happened in the urban ami sub¬ 
urban areas of Greater London where, inter alia . the development 
of motor bus services depleted the revenues of the London founty 
OounciT trams, so that they have to be run at a loss, to realise the 
great responsibility which tram services undertake in competition 
with more flexible forms of transport. This leads one to the con¬ 
sideration, where to my mind tin* Trackless Trolley Svstem can 
lunction in tin* most suitable form, and that is in freeing the con 
gested areas in towns, which congestion in sometimes wholly due 
to the. location of tramways in narrow streets. 

A most glaring example of what tramways can do in blocking 
and holding up road traffic for long periods is to be seen daily in 
the Strand Road in (Calcutta, This important artery, which deals 
with traffic crossing the river to the Railway termini and goods 
sheds, as well as taking the heavy flow of traffic from the ware¬ 
houses along the river, is, generally between the hours of 10 a,m. 
ro G r.M., almost impassable and it is a common sight to sec strings 
of Traincars held up along the street from the important junction 
with Harrison Road. Now these two tracks of tramway most 
occupy very nearly Sfrds of the total roadway which explains tin* 
cause of most of the congestion in this area. The introduction of 
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tlie Trackless Trolley System say from tlu; High Court Terminus to ' 
Chitpur and tlie Harrison J{oad Branch would go far to relieve a 
congestion which at present is nothing short of scandalous. 

1 was very interested to notice on my passing through Ipswich 
last year the drastic change over which the tramways had made 
from rail to trackless. The Corporation had evidently not thought 
it worth their while to take up the rail tracks, which were left in the 
streets, let us hope, as a silent witness of days of useful endeavour. 


In comparing the statistics of cost in Tables l and II for the 
town of Ipswich, it would appear that the ligurcs arc in favour of 
tin 1 Electric Tramway as against the Kailless Service. The tie* 
revenue per car mile seems to he distinctly in favour of the Electric 
Tramway and does not support the Author's contention in favour 
of the Rail less Service. 


Mr. At kins remarked that the paper was a very valuable one 
and especially interesting to him as tlie possibilities of the railless 
tram system were considered h\ the Calcutta Improvement Trust 
nearly 10 years ago. An important question raised by Mr. Dam 
was whether it was practically and economically possible to 
introduce a length of raillcss service with its positive and negative 
overhead wires in a narrow congested street such as Chit pore Road 
without interfering unduly with the existing electric supply 
arrangements in adjoining routes. 

It was the policy of the Improvement Trust to provide separate 
tracks for tram wavs wherever possible, and not lo allow trams to be 
laid down in any street which had a- width of less than o-f-ft. between., 
kerbs. The greatest drawback of the ordinary tramway tracks was 
its noisiness which so far as present experience went could be 
overcome only by laying the rails on sleepers instead of on the usual 
concrete bed. It seemed to him that the absence of noise was one 
of the greatest assets of tlie railless system, ami that its future 
success might be largely dependent oil whether it was or was not 
found possible to eliminate noise from the older system. 

Tt had been suggested by the recent Committee on Calcutta 
Tramways that the railless system might, be adopted in one of the 
new rmpi-ovement Trust roads knows as the “Manioktolla Spur.” 
He disagreed entirely with this suggestion as the roadway in 
question was 54-ft. wide and he understood from figures given in 
the paper that this would necessitate white lines being laid down 
along each side of the route to enable the drivers to keep within 
reach of the trolley wires. 

Mr. K. R. Godhole said, T wish to make n> few remarks with 
reference to this paper. T am sorry that the author is not present 
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to give ns further information on llu* points that will arise during 
the discussion. 1 presume however, that the other Electrical 
Engineers present to-day will he able to help ill sieving queries 
that, may Is* raised. 


All large towns require cheap and regularly established 
intercommunication between their different portions and the 
surrounding suburbs. Accordingly we find the larger cities in 
India and in European countries equipped with systems of tram- 
wavs which arefairlv remunerative concerns. 


•4t In the Rom hay Presidency, we have the cities of Rom hay and 
Karachi in which tramways have been well established and are 
profitable undertakings. Rut we have cities like Poona and 
Ahmedabad which require consideration. 1 am well acquainted 
with conditions in Poona. We have hen* a population of about 2 
lacs of people with population centres at Kirkee, Wauavadi, 
(ihorpadi, Yerawada, Phamburda and Poona Cantonment, etc., 
situated all round. All these outlying places have a considerable 
population who have occasion to visit the city, public offices, 
courts, Railway station and bazars very often during the day. 
For this traffic, some system of tramways is required. The city 
receives over 2,000 passengers every day from the 0. I. P. and 
.Madras and S. M. Railways and sends out a similar number of 

i 

passengers by these Railways daily. The component population 
centres are situated at considerable distances from each other. 
The surrounding villages also bring about 700 or 800 head loads of 
field produce, etc., every day into the town. There are 710 two 
wheeled, 100 four wheeled and 171 bullock Conveyances licensed 
for hire, which deal with the passenger traffic! in the city in-addi¬ 
tion to 7.1 licensed motor cars and 140 licensed motor lorries. The 
motor cars and motor lorries deal with traffic in the Districts. The 
< onveyances plying for hire in the City are 087 and it is estimated 
that the amount they earn per day is not less than Rs. 8.000 which 
means an annual income of Rs. 10 or 12 lacs. The Railways bring 
in and take out also, a large daily parcels and goods traffic. 

I think a city like this requires a tramway system. Track 
tramways on rails may prove to he unsuitable as they are expen¬ 
sive and as they require wide roads, while some of the roads in 
the city are less than 20 ft. in width. Tf, seems to me that the 
railless trolley-bus system referred to in the paper is a system that 
will answer the purposes of Poona very well. The points in its 
favopr at Poona are:— 

(1) There is an Electric supply company in Poona which 
will be glad to secure the day load of tramways and 
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which will probably be prepared to sell power at 
annas per unit. 

(2) The trackless trolly bus lines can ruu iu the narrow 
streets of the city as well as on broad roads outside, 
without any inconvenience to other traffic, especially 
as the busses are-said to be capable of swerving on 
the road surface to the extent of Soft. 

(,‘{) There being no rails and no rail track, the eost of con¬ 
st rfiction and maintenance will lx* very moderate. 
This will enable low fares to be charged which will 
kill competition by petrol motor busses. 

Judging by the liguves of cost in England, as given in Table 
11 on page 10 of Mr. Lennox Stanton’s paper, the cost of construc¬ 
tion of trackless trolly bus line ought to he iu the neighbourhood 
of Rs. 15,000 per mile which is fairly cheap. 

I should like to listen to the views of the Members here on the 
contents of the paper. Will the trackless trolly bus system suit 
Indian cities like Poona and Ahmedabad with their narrow roads, 
and will the installations in these cities he paying propositions in 
these days? The petrol motor bus will he a powerful com¬ 
petitor and must he kept, out of the field by the new tramways 
being able to charge very low fares. Tin* <’apital and maintenance 
costs of traimways must be. low. 

Mr. (!. P. A 'rifthnammini ('hetty said, l write to inform you 
that at this moment L forget what exactly 1 spoke on Mr. Lennox 
Stanton’s Paper. Put as far as my memory goes, 1 remember to 
have drawn the attention of the author to the monorail system, 
which was not, referred to in his paper. Tin* monorail system is 
more or less a semi trackless system. The carriages run on only 
one rail laid close to one edge of tlie road. Each carriage is 
provided with two steel wheels one in front of the other fixed fairly 
close, to the longitudinal axis of the chassis. There is yet a third 
wheel which is of w T ood with iron rim fixed to the side of the 
carriage. This is more or less a balance wheel and runs on the 
road. The rails are only of IS pounds section and cost compara¬ 
tively very little. Such a system was working over a distance of 
about. 12 miles between Poonamalli and Avadi not far from 
Madras. Put the system proved a failure not for any technical 
rettsons, hut for want of sufficient goods traffic. 

Mr. R. K. Nariman said, I am afraid I am not quite sure now, 
of what I said. But I believe I suggested that for big cities like 
Bombay, Poona, etc., which had electric installations, a system pf 
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busses worked by electric storage batteries may be considered. 
The batteries could be charged during periods of low demand and 
thus help to equalize' the load factor. It would algo reduce the 
capital and recurring charges as there would be no need to erect 
and maintain the overhead wires. Such busses arc running in 
Italy and other countries. As regards (lie fear of damage to roads, 
because of the heavy weight of such busses, it was expected that 
me new reinforced concrete roads in I tom bay would be found to 
be strong enough to stand this traffic. Moreover the weight in¬ 
tensity could be reduced by using twin tyres. Perhaps, if neces¬ 
sary, the weight of the batteries may be reduced by reducing its 
capacity to a few hours only and changing the battery twice a day 
as it ran down. 

Mr. Jl. U. V. Him ham said, the subject taken up by Mr. Stanton 
is one that will not only tax an Engineer's ability and knowledge 
of matters pertaining to technical practice, but will require of him 
skill and knowledge, in the solution of business problems of the 
greatest importance, in understanding their linancial position, 
the meaning of the items on the balonce sheet and income state 
ment, and in grasping generally the manner in which transporta¬ 
tion services and other public, utilities should he conducted, in 
his paper, Mr. Stanton aims at presenting Irnnsportation problems, 
on a. business, economic and scientific basis. Much credit is due 
to him for setting forth so clearly, from a business point of view, 
the factors that go to deride in fas our of the rail less system, based 
on the circumstances of the rases quoted by him from Great 
Hritain. The statistics and particulars gathered by him with 
legard to the three important service's in operation there, liis 
review and comparison of the services by taking average's of a 
number of unelertakings, and his elaboration of dedails—to 
establish the superiority of the trae kle'ss over every othe'r system! of 
transportation sendee's, sire* no doubt illuminating. Hut afler all, 
lie' has dealt with only one* side* e>f the; problem!. 

Public .stand point of view : His exhaustive plea for the rail- 
1e»ss, for conelitions peculiar to the western eemntries, one can very 
well appreciate. Any ree-ommedation for its adoption into cities 
in this realntry cannot, he accepted without some* hesitation, unless, 
in the e'.iivumstnnee*H e>f the case it has been pl‘e>ve*el satisfactorily, 
(liiit it won lei provide* the* most suitable form of transportation, and 
I hat il would he economical anel acceptable, as well, from a general 
stand point of the public. 

Congestion of traffic: All our provincial cities are faced with 
congestion of traffic, and the removal of tracks from the streets 
and the substitution of the trackless system, a plan which Mr. 



DISCUSSION ON RAILLES8 TROLLEY SYSTEM. 71 

^Stanton mans to , favour, would generally increase congestion 
instead of relieving it. 

Tramway*'. Tram service has proved very convenient for this 
country, and goes far towards increasing the efficiency with which 
the available street space is used. The outstanding advantages of 
the trackless trolley lie in that the capital investment is less, and 
the working expenses slightly lower; The investigations made by 
Mr. Station seem to possess little use in the treatment of problems 
affecting our cities. However, provided our cities were planned 
on lines like those of (ireat Britain, his observations could be 
“ accepted with little hesitation. Unfortunately, our cities have 
been peculiarly planned, perhaps it may be said to have been 
planned without any consideration for tlie future improvements 
m mechanical transport, or have been allowed to grow haphazardly 
and without control. 

The trackless trolley has already come to stay in England, 
America and other countries. The problem has now come to us 
whether the trackless system may not he introduced to advantage 
into our cities too. 

I would point, out that the problem of transportation is one 
of (lie most important problems that this country has now to face 
in a. comprehensive manner, and it is really fortunate that Mr. 
Stanton should have raised the problem of Kail less traction for 
discussion in our institute. 

The Author, in his reply, dealt with the various remarks as 
follows - 

1. ('Ol. Sir (Jordon Hearn. If is indisputably true that tram¬ 
ways of an established character are unfairly handicapped by the 
continuance of an unrestricted competition. The general public 
of to-day give little or no recognition to the immense part which 
has been played by the tramway in the development of suburban 
estate development and since the advent .of the motor-bus, are 
equally indifferent to the necessity for supporting common traffic 
facilities on lines which designedly utilise each available service to 
the bent advantage. The bent advantage however is provably not 
wholly confined to the utilisation of mechanical advances to the 
extent which, in Great Britain, has been productive of the cry— 
scrap the trams. Public beliefs held regarding the benefits which 
arise from the retention of unlimited competition must eventually 
react upon themselves and invariably reflect their effects most 
positively upon the financial aspects of the interests concerned. 
The solution lies in a proper co ordination of all city, suburban 
and urban, district passenger transport facilities, to the end that 
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efficiency may prevail over the whole, such a policy should l>e, 
conducive to cheap and rapid transport, reduce waste no matter 
what form it takes and provide for a greater safe guarding of the 
capital investment represented than is otherwise 'possible. The 
evidence to date is conclusive, that an efficient tramway system 
cannot be beaten by any other form of existing open street or road 
transport facility, for dealing with the dense traffic conditions to 
be found in industrial and other massed population areas; nor 
can any other form operating under similar conditions meet these 
particular requirements so cheaply aud economically. It may be 
of interest to point out here, that the number of passengers 
carried by tramways in Great Britain during the year 1925 was 
4,020,501,521 as compared with 1,743,318,314 representing the total 
number of passengers (inclusive of contract ticket holders) 
carried by all the railways during the same period. Clearly then, 
any proposals which aim to displace tramways in entirety by any 
other form of existing transport must give a careful consideration 
to all the conditions which a scrapping of the trains would create. 

Adverting to the comments made on Greater London, it is 
interesting to note, that some of the chief values given under 
Appendix No. 1. London County Council Tramways Tear 1923-24 
show increases during the year 1925 20, which may be obtained by 
the use of the following figures : — 

London County Council Tramways statistics — J925-26. 

Net capital expenditure to 31st March, 1926 ... £16,381,077 


Car miles run ... ... 68,804,927 

Passengers carried ... ... 691,472,969 

Average car miles per day per car .. ... 12815 

Average car hours per day ... 1408 

Average fare paid by passenger (pence) ... 1*45 


The continued utility of the L. C. C. tramway services to fix- 
public is well illustrated by the fact that four and a quarter 
millions of passengers were carried per route mile in 1925*26, 
compared with three and three-quarter millions per route mile in 
1913-14. 

Now judged from the advances made since 1925, when the 
investigation which prompted my paper was carried out, the 
“ raUless” system is rapidly leaving the “ trying out ” period 
referred to in the comments and noteworthy in a number of 
additional places where u railless ” has been adopted are the 
cr.ses of Wolverhampton and West Hartlepool. These two Corpora¬ 
tions are effecting a complete transition from the tramway service 
to a new transport service which embodies the joint advantages of 
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tlie “ railless” with the motor bus. At both places, the decisions 
reached were the outcome of a careful investigation into the 
relative costs and conditions (local and otherwise), applicable to a 
consideration of alternatives to the tramway proper and chiefly 
rendered necessary by heavy expenditures called for under track 
renewal liabilities. The proved outstanding advantages of the 
trolley vehicle over the motor-bus were stated to be its accelera¬ 
tion properties, lack of engine noise, vibration and smell. In 
addition, all the motorbns chassis improvements admit of applica¬ 
tion to the trolley bus and overhead equipment provided on the 
tramway routes iN easily adaptable for trolley vehicle^ without 
great expense. 

U. Mr. A'. I). N. H minim .—The comments received do not 
ap]tear to call in any way for either au enlargement or a repetition 
of the section in the pa.jter which comes under the sub-head “ Faci¬ 
lities and Limitations ”, for that section reviews the respective 
asjtects presented by the tram-car, the petrol motor-bus and the 
trolley-bus. The paper aims to attract a greater attention to trans¬ 
portation problems which are bound to become of increasing import¬ 
ance to all industrial centres and residential areas throughout India 
as time goes on. It is not, however, intended to convey the impres¬ 
sion that, the adoption of “ railless ” alone can or will solve those 
problems of passenger transport in Tndia which are not, nor 
cannot, he, dealt with by the existing railway systems. The case 
for “ railless ” is clearly laid down on Page f»4 of the paper and 
when existing tramways in India either begin to operate with a 
loss, provably due to calls for expenditure on the relaying of 
tracks along 11011 -paying routes, or are faced with heavy capital 
outlays for extensions, then the case for “ raiiless ” becomes on 
a par with the conditions found elsewhere. T fully agree that, 
treated as a whole, Indian cities have grown up in a hap hazard 
devoid of system or plan, but there was a time when similar 
conditions applied to even Great Britain. A similar ruling applies 
to the development of roads too and as we live in an age when 
the utilisation of .advances made in mechanical traction has 
forced administrative authorities everywhere to spend money on 
large scales, that public convenience shall be served, the provision 
of facilities for cheap and rapid transport has of necessity become 
a feature of civic and other development works, which no respon¬ 
sible administrative or executive official of to-day should ignore. 
Adverting to the difficulties presented by narrow' streets and the 
question of congestion, it should not be overlooked, that where in 
service the trolley-bus forms no greater a factor for congestion 
than does the motor-bus. Owing to its advantages in, acceleration 
and control It is probably less; on the other hand, it had a‘ 
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flexibility limitation not applicable to the. motor-bos, by reason of 
the trolley bus flexibility radius for safe working being limited to 
a matter of fifteen to sixteen feet for a road width of from thirty 
to thirty-five feet, which however means, that in the narrow 
thoroughfares common to most Indian cities and where the condi¬ 
tions admit of overhead trolley wires being erected, a similar 
flexibility may be claimed for both the trolley and motor-bus 
vehicles. At West. Hartlepool for instance, the trolley vehicle is 
giving a satisfactory service on streets where (at the most narrow 
point) the width does not exceed sixteen feet seven inches. 
Incidentally it may be remarked, that the most recent types of 
trolley-bus being plaeed in service carry a deviation indicator for 
the guidance of the vehicle driver when negotiating traffic. Tin* 
actual indicator takes the form of a box located in the driver’s 
compartment, which is numbered in feet from the centre to left 
and right. As the driver manipulates the vehicle in and out of 
traffic, a light appears in a particular portion of the box showing 
the extent of such deviation. 


A. Mr. I\. R. (lodbolc .—Any development, of a “ railless ” 
system in cities where no prior conditions exist, from which data 
essential to the formation of an estimate of the probable traffic 
conditions can be ascertained, necessarily calls for a careful study. 
It moreover calls for the exercise of what (for want of a better 
term) may be called ‘engineering sense’ to a greater extent than 
does ■ the provision say of a fleet of motor-buses, otherwise un- 
ieimmerative routes containing capital in the form of overhead 
equipment are sure to result. Poona is a city however, which 
inter alia, possesses an electric supply service anxious to secure 
outlets for a more or less uniform day-load and the development 
of new residential areas is also bringing more prominently to the 
front, the needs of local transport facilities; combined, it cannot 
be doubted that, granted co-operative effort to exist between the 
local authorities and the electric supply authority concerned, uie 
city of Poona presents possibilities for developing a transportation 
service advantageous alike to the community served and those with 
whom the onus of finding the necessary capital may rest. Since 
ihe proposals do not call for a consideration of the tramway 
proper, the investigation of any survey undertaken, will be con¬ 
fined to a study of traffic possibilities, supplemented by a com¬ 
parison of a motor-bus service as a revenue earning proposition 
with the trolley-bus. In other comments made, it is observed that 
an error of interpretation needs correction under (2) where 
reference is made to the trolley-bus being capable of swerving on 
the road surface to the extent of thirty-five feet. The proper inter- 
pretation to be put on-the-reference from which the error arose is.. 
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that gran tod a road surface of thirty-five feet to exist with trolley 
conductors carried directly in line with the centre, the trolley-bus 
trolley-boom range of flexibility (as will have been already ren¬ 
dered clear in the reply to Mr. R. D. N. Simliam), is such as 
permits of its easy manipulation at will in and out of any traffic 
(m that road. For streets or roads of greater width, it is necessary 
to run four overhead wires preferably carried on a span construc¬ 
tion, which provides for up and down (i.c. double track equivalent) 
service routes. Referring to cost, it may interest Mr. Oodbole to 
know, that a recent estimate for providing a trolley-bus service of 
ten thirty-two Renter pneumatic-tyred vehicles to operate over a 
conductor route-mileage of ten miles, called for a capital expendi¬ 
ture of Rupees seven lakhs. 

4. Mr. W. A. Buyers .—The only reply called for here, lies in 
pointing out, that as related to the concluding paragraph of the 
comments, the Statistics of (V>st in Table 1 (Tramways) for Ipswich 
are for tirelre months, whereas those of Table IT (Railless) are 
from September 2, 1928 to March 81, 1924 only. In the light of 
additional figures (only obtainable since my paper was sent for¬ 
ward in May 1926), it may serve a useful purpose to draw attention 
to the following: — 

Under Tabic I. Electric Tram min figures for fpswirh. 

Year. Length of street route Revenue ]»er 

miles. car-mile. 

1921 25 9.85 16.67 Pence. 

Ipswich Bailless Service return for the same year— 1924-25, 

Length of route open Revenue per 

mi les—clia ins. ca r-mile. 

0.62 15.888 Pence. 

5. Mr. McGlashan. —Adverting to the remarks marie alient 
Rirtuingham, since the City of Birmingham presents a useful object 
lesson in the results obtainable from the labours of a single City 
Council Committee, who control tramways, trolley-bus and motor 
bus transport services, it may be of interest to state, that the 
report for the year ending 31st March, 1926, records a gratifying 
progress to have taken place in all three forms of transport. 
Figures are:— 

Tramways Service. (Limited to approx. 74.5 miles of facility.) 

Gross Revenue, £1,470,590, an increase of £42,036. 
Mileage run, 20,100,363, an increase of 1,021,750 miles. 

Passengers carried, 251,664,435, an increase of 10,845,978. - 
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Trolley-bit* Kerr ice. 

Gross Revenue, 
Mileage run, 
Passengers ca tried, 


(Limited to 2 miles 10 chains of facility.) 

£29,877, an increase of £1,532. 

395,8(>2, an increase of 0 20,070 miles. 
5,919,818, an increase of 102,018. 


Motor-bus Kerriee. (Not limited as are the prcccdiny, but 
restricted in route throuyh co-ordination.) 


Gross Revenue, 
Mileage rim, 
Passmans carried. 


£230.3(12, an increase of £00,789. 

3.379,211, an increase of 771,020 miles. 

29„‘{1 5,385, an increase of 8,228,291. 


Peculiar as if may appeal-, (lie year's resiills constitiiteil a 
record from a hum-car milcayc point of view, more than a million 
mill's in excess of any previous record in I lie historv of the under¬ 
taking having taken place. The adequacy of the transport facilities 
pro\ ided as a a bide, moreover, appears to he reflected by the 
e\ idi'iice that the total passengers carried were also in excess of 
any previous \eiir hv manly 11,000,000. 


Regarding the dilferi'iice referred to in the financial figures 
shown for ltradford and for Keighley, the di lie ring percentages are 
tlie result of conditions controlled by the system of local accoun¬ 
tancy and in which the factors taken into consideration are not the 
same. 


•Judged from the services examined, instances in which the 
trolley boom is disconnected through bail or careless driving are 
few and the drivers rapidly become as export in controlling the 
new type of vehicle as they were formerly when driving the tram-car. 

The point mentioned regarding the two cars shown as horse- 
drawn perhaps needs amplification; these two horse cars were in 
stock at (he date of the return, actually, horse fraction ceased in 
May 1915. 

(i. Mr. M. It. Atkins. —I hope the additional information 
given in previous replies will help to solve the question which 
relates to Gbit pore Road. 

Kailless vehicles of the latest type are practically noiseless and 
vibration has been reduced to a negligible degree, which of course 
does not apply to either the tram car or the motor-lnis. 

Anent the remarks made regarding Maniektolki Spur, in the 
absence of other data the road width stated (54 feet) would-Appear 
to lend itself to the adoption of ‘Tailless” through a span con¬ 
struction, which (by the use of four conductors) would provide in 
so far as flexibility is concerned, for up and down routes capable 
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of moving with ease in tratlic within si width of sixteen feet on 
either side of a centre line taken when the trolley booms rest 
directly in a line parallel with either of the respective op or down 
route overhead conductors. This means, that practically thirty- 
live feet of the entire i>4 feet roadway is at the disposal of either 
an up or down route driver to manipulate in and oven in India one 
could scarcely expect more. AlterantLvely, if found advantageous, 
the "railless” could be adopted on its merits as a single track 
route only, the limitation of flexibility in this case being that, of 
sixteen feet on .either side of a. centre line taken down the i>4 ft. 
wide road. 

7. ('oHcliisioti. —Although as stated by Mr. Layers, the field 
of application for "railless” in India must be limited in applica¬ 
tion by the very nature of the ease, if nevertheless serves to bring 
aspects of tin* transport problem before' Members of the Institu¬ 
tion, which might not otherwise have' received attention. In (ireat 
Kritain the* interests e»f all e'omnn'reial communities are closely 
inte*r-linke*el with that of local aul horities where* transport 
problems are* concerned, which may be* gat he res 1 from the 1 simple 
growth of th<> Home Hovernment Kernel Hoard Kmiel; an aniounr 
of til, 1 (iS,()00 paid by Tramway authorities eluring 1!>LT> in the form 
of local taxation lor the* upkeep of that portion of roadways 
detined as "the tramways permam'iif way”; anel, £14,221 ,000 paiel 
for 707 million units of electrical energy use*el fe>r operating same. 

lu conclusion, J feed it is not end eif place to here repeat what 
I stated in my papt*r on ilie snbje'el. of railway electri/ieation 
eluring 102:1 —"the advancement of Inelia, as in other countries, is 
inseparable from the 1 sedutieni of problems of transport, anel the 
attainment e>f this e*nel will very largely depend upon the 
amalgamation of interest hetwe'<*n the- great hanking and engineer¬ 
ing interests involved, under conditions which will demonstrate 
that public utilities are in reality a national service.'* Keplies to 
the (liscussiems raised e>n the reading have been unavoidably 
delayed through a desire to make the paper as a whole, when 
associated with the subject matter of discussions and replies, as 
informative and complete in its useful data value as possible and 
1 trust all interested in the subject will lind that this has been 
demonstrated to their satisfaction. 

8. Mr. (J. V. Krishna* wamy {Unity. —The mono rail system 
is not referred to in the paper because, as a commercial proposition 
lor dealing with passenger traffic on lines similar to those covered 
hy the field of the trackless trolley system, it does not enter into 
the problem. To date, practical applications of the mono-mil 
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system have been extremely limited, the reasons for which may be 
judged when it is stated that, original commercial ideas held 
regarding the mono-rail system were based upon the production 
of a means whereby passengers could be conveyed with safety over 
fairly long non-stop distances at speeds as high as four miles a 
minute. Apart from all technical aspects, it will be recognised 
that the securing of facilities for obtaining a right of way across 
roads, public and private lands, in such a manner as to properly 
provide for the rail line being built in a perfectly straight line, 
forms by no means the least of the problems presented in countries 
similar to England or of even greater density condition.As an 
example, such a project was at one time put forward as a supple¬ 
mentary or alternative facility to existing steam operated express 
railway facilites conveying passengers between Manchester ^and 
Liverpool or vice versa (forty miles in forty minutes), by an 
electrically operated mono rail service doing the journey in ten 
minutes. 


9. Mr. It. K. Nariman .—The question of utilising storage 
batteries as a means of operating transport facilities is a matter 
meriting far more attention than it has received. As might be 
expected, development of this kiud stands higher in the United 
States than it. does elsewhere and claims for its expansion usually 
place stress upon the reduced cost of upkeep when compared to 
other vehicles, but the price of current for re charging, the number 
of vehicles in use and the conditions of use are all factors calling 
for consideration at a stage where, in most places, a lack of 
organised charging facilities at low rates exist. Against their 
more extensive adoption are the elements of first cost, durability 
and weight, the latter being particularly disadvantageous. For 
localities without an existing tramway, where it is proposed to 
seriously consider the development of an electrically propelled 
afreet or road transport system, tin* question of whether a storage 
battery vehicle should be adopted in preference to the trackless 
trolley, is a matter which ordinarily , will admit of solution by 
reference to the anticipated traffic conditions alone. If however, 
the problem is one of simply deciding whether to scrap an existing 
trolley wire tramway system for the reasons set forth in the paper, 
the question of considering whether the proposed new service shall 
be operated by the trackless trolley as against the storage battery 
vehicle, will not ordinarily enter into the question, since under 
present conditions, the advantages of the trackless trolley are too 
self evident. 



MAIN FEATURES OF THE TANSA 
COMPLETION WORKS FOR THE 
WATER SUPPLY OF BOMBAY 

BY 

S. T. PROKOFIEFF, ASSOCIATE MEMBER. 


The Tansa Completion Works Sell erne lias been the last step in 
the development of the, water supply from Tansa lake, for increas¬ 
ing it from a little over 30 million gallons to 00 million gallons per 
day, which is estimated to be the draw the catchment can yield in 
years of normal rainfall. 


Consideration of future extension, however, proceeds on the 
lines of further increase of the Tansa lake capacity for the purpose 
of storing additional water to be derived from Vaiterna River and 
provision has been made to admit of laying an additional water 
main along the present Tansa Completion Works route. 


The 
Till lock 


original Tansa Project was planned in 1872 by Major 
In 18!)0 Tansa water was brought, to Ihunbay, the conduit 
having been formed by a masonry aqueduct of about 40 million gal¬ 
lons per day capacity with inverted syphons of 48" cast iron pipe 
capable of discharging 17^ million gallons per day. 


In 1915 the Tansa Duplication Scheme was completed, consist¬ 
ing of raising the dam and duplicating the inverted syphons 
between the duct portions by 50" lock bar steel pipe. 

In 1920 the Tansa Completion Works began, the immediate 
motives for the undertaking being, in brief, as follows :— 

(a) Rapid increase in population, as shown in the attached 
table, and industrial development. 



TABLE SHOWING GROWTH OF BOMBAY WATER SUPPLY. 
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f Restricted supply on account of deficient monsoon. 
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(6) Serious shortage of water due to failure of 1918 monsoon. 

(a) A serious accident to a portion of the old masonry duct 
in July 1917. 

It was also apparent that the water supply available would be 
inadequate to meet the requirement upon the completion of very 
large development schemes undertaken by Government, City Jm 
provemeut Trust, Port Trust and the Municipality. 

Plan of the new water mains laid under Tansa Completion 
Works Scheme and position of Tansa lake are shown on the at¬ 
tached Map (Plate 1) among all the other works for the water sup 
ply of Bombay. 

Beginning at Tansa Dam, two parallel gravity 72" steel mains 
are laid upon the formed track till Bassein Creek is reached at 
Mile 29. The two arms of the creek are crossed by the two specially 
constructed bridges. The two bridges have also provision for u 
l oad way. 

After crossing the creek the two 72" mains continue till Powai, 
where, at Mile 40, a site lias been chosen for a tiller plant and a 
chlorination plant has been constructed for disinfection of the 
whole water supply. 

South of the chlorination plant the two 72" mains taper into 
two 57" steel mains and a branch leads into a GO" steel main. 

Further, three Venturi meters are appointed on the two 57" 
maiuH and the GO" main for measuring the whole supply. 

The two 57' mains continue to Bandra where they cross under 
the B. B. & C. I. Railway Bridge at Mile 17£, and then the mains 
cross the creek upon a bridge specially constructed. From here the 
57" mains enter the Bombay Island and continue to Nana’s Chowk, 
near Grant Koud Station, at Mile 54 1/5, where one of the two 
mains terminates and is to be connected to two existing inlet pipes 
into Malabar Hill service reservoir. The second main will con¬ 
tinue to Ohowpatty Terminal point, at Mile 54|, where cross 
connections are to be made to three existing outlet pipes from the 
Malabar Hill reservoir. 

The two twin 72" and 57" mains are provided with stop valves 
and cross connected in several places thus dividing the whole length 
into sections convenient for efficient control of supply, inspection 
and repairs. 

The 60" steel main is laid upon the formation prepared from 
Powai towards Ghatkoper, where at Mile 3 it is connected to the 
two existing Tansa mains of 50" and 48" diameter leading into 
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Bombay island, which mains are branched, eventually reaching both 
Malabar Hill and Bhamlarwada service reservoirs. 

Besides the two old Tansa mains already mentioned, the 
Bombay Municipality are in possession of the following supply 
mains: — 

(1) The Vehar -IS" rivetted steel main leading from Vehar 
lake to Kurin where it branches into two c. i. 32" and 
21" Mains, the former extending to Bhandarwada re¬ 
servoir. 

(2) The Tnlsi 2t" cast iron main leading from Tulsi lake and 
eventually reaching the Malabar Hill reservoir. 

There is one more small Municipal lake constructed at Powai 
in 1800, never, however, used, the water not being potable. 

While planning the Tansa Templet ion Works Scheme, considera¬ 
tion was given to tin* arrangement which would allow of certain 
interlacing of the new supply mains with the old ones. 

On the whole length from Tansa to Mahim and from Powai to 
(ilmtkoper the pipes are laid fully exposed with the exception of 
the ~>7" mains between Andhcri Marol and Santa Urn/, road cross¬ 
ings where the mains are laid partly or fully in trenches in view 
of future proposed road over the mains. 

The pipes in I torn bay island are laid underground. 

Ifi/draulic Calculations. —The new mains have been designed 
for a discharge of 00 million gallons per day. 

Under the advice of an expert, Prof. W. C. Unwin, formula 
Uhe/.y 

V = C v'R'S 

was used, the value of U being taken as 108; the professor based 
this choice on the observations by Uershel and Marx for rivetted 
steel pipes of large diameters. 

For discharge of 00 million gallons per day (107 cnse.cs) by two 
72" mains according to the formula 

Q = 2 x ^ d - x 108 \I 2 x S 
4 T 4 

the hydraulic gradient equals 
ft - 00048. 
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Loss of head on the length from Tansa to Powai will equal 
00048 x 215100 - 103 28 feet. 

Head of water at Powai, when water is drawn at an average 
level of Tansa lake (400 00 T. 11. l>.) will equal 

400 - 103 28 - 290 72 T. II. 1). 

For an average head of water at Malabar Hill reservoir 
of 247 00 T. II. 1)., 

the available head along the 57' / line is 

290-72 247 00 - 49 72 feet; 

thus, tin* hydraulie gradient will be 
49-72 

7-.S0O " .. . 

According to the same formula tin* two 57" mains will discharge 

q = 2 x x 108 ^ x y/ 000074 

= 108*3 eusees = 38i million gallons per day. 

Tin* remaining 

90 58^ -- 31 i million gallons per day 

-- 58-5 msecs will be discharged by the 00" main, the hydraulic 
gradient working out at 

•000014, 

from the same formula. 

Tin* loss of head along the 00” main will equal 
10500 x 000011 10 13 feel 

and the head of water at (lhat koper 

290-72 - 10 13 - 280450 T. H. !>. 

Formation level at <4hatkoper being 
171-27 T. If. H., 

the pressure in the two 50" and 48" old Tansa pipes will at 
<1 hat koper equal 

28G-60- -171 27 __ -q er S q inch. 

2*31 

The maximum pressure in the pipes discharging as above will 
be found at Mile 28 equal to = 103 lbs. per sq. inch. 

i.ld 
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The maximum static pressure (in Bombay, at Haines Ifoad 
crossing) would equal 

420 - 08 00 - 352 feet - 152 lbs pi^r sq. inch. 

The hydraulic gradient as per above calculations is shown on 
the Longitudinal Section (Plate 2). 

It will be observed that the formation is just below the hydrau¬ 
lic gradient upon the hills at Miles 4 0 and 38 30. 

Tin; main parts o) the Tansa Completion Works Scheme hare 
hern us follows :— 

(1) Tin; raising of Tansa Dam and building a new outlet 

well. 

(2) Construction of the pipe track from Tansa to liandra and 

from Powai to Ohatkoper. 

(3) Manufacturing of about 81 miles of 72" diameter steed 
pipes; of about 28 miles of 57" stool pipes and about 3 
miles of GO" steel pipes. 

(I) Transporting and laying of 72" and 57" twin mains upon 
the formation from Tansa to Bandra and a GO" single 
main from Powai to Ghatkoper. 

(5) Transporting and laying in Iron eh on two 57" twin mains 
within the island of Bombay. 

(0) Erection of sluice valves, cross connections; air and 
scour valves; expansion joints and other appurtenances 
and construction of anchor blocks, etc. 

(7) 'Construction of a chlorination plant for disinfection of 

the supply, at Powai. 

• 

{S) Increasing the storage capacity of tin* service reservoirs 
in Bombay. 

(9) Pitometer survey of all the trunk mains in Bombay and 
investigations for remodelling the distribution system. 

(1) h’uisiin/ of the Tansa Dam. —The maximum section of the 
Tansa Dam, as originally designed is shown on Plate 3. When first 
constructed in 1800 the crest level was brought up to It.L. 410 
T.Il.J). The dam was raised subsequently in 1915 to the It.L. 
419-58 T.1I.1). 

Under the Tansa Completion Scheme the crest level has again 
been raised to It.L. 423 T.1I.D. (with spill way at It.L. 420) i.c. two 
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feet below the limit of height to which the dam had been designed; 
the material of the dam being nibble masonry in natural hydraulic 
lime mortar, similar to the original construction. 

A new outlet well has now been constructed to accommodate 
flic outlet pipes and screening gear. 

By raising tin* dam the lake* capacity has been brought to about 
db,000 million gallons. 

Tin* Tausa catchment area is 53 sq. miles. 

The average mil-off from tin* calehment is ealenluted to have 
been 574i" per year, wliieh amounts to an average yearly discharge 
of 11,100 million gallons from the catchment area. 

The average* yearly rainfall at Tansa dam is til inches (maximum 
ldd inches, minimum 40 inches). 

(-’) ('(instruction of the pipe Truck.- The pipe track has been 
prepared of tin* following width at the formation level: — 

If/I 27 feet for the twin 72" mains. 

l//| IS feel for the single 00" mains. 

(e) 25 feet for the twin 57" mains, which has been narrowed 
down to 20 feet across the Baudra creek (where no per¬ 
manent tram line is laid). 

Railway track 2' 0" gauge of 25 lhs. rails upon steel sleepers, 
at 3' centres, has been laid alongside for transporting earth, 
materials, pipes, etc., and for inspection purposes. 

The width of the pipe track has been made sufficient for placing 
the rails for a goliath crane to span over the tramway line and the 
pipes. 

The length of the pipe track from Tansa to Mahim is 48 miles 
and the length of Ghatkoper branch 3 miles. 

About 85 million cubic feet of earth work has been done in 
excavation and embankments by the contractors, the Tata 
Construction Co. 

The attached photographs show :— 

(1) A cutting through rock, and 

'2) An embankment prepared for pipe laying about 40' high. 
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Most of tlie cuttings through bazalt rock were worked by 
blasting with band drilling, though in some eases pneumatic drills 
were used with advantage. # 

Generally, all the curves have been laid out to standard railway 
curves of 1, 2, 3, etc. degrees for the pipes to be laid in chords 
with bevelled bend plates of the three standard sizes for 1°, 3° and 
5° deflections, the chords being made in suitable lengths to conform 
to the curvalure of the track so as not to foul either the tram line 
or the goliath crane track. 

The maximum grade of the track allowed has been 1 in 10. 

The minimum radius of curves has been 250 feet. 


Numerous culver!a and several bridges were built to carry pipes 
over creeks, rivers, nullahs, etc. The maximum opening spanned 
over by pipes has been 30 feet (for 57" mains), the length being 
justilied by the following calculations for 57" steel pipes 3/8" thick. 


Tensile stress dm* to interval pressure of 150 
according to Balrow’s formula 


lbs. 

sq. inch. 


is equal f - 11100 lbs per sq. inch. 

Safe stress - 15000 lbs per sq. inch. 

15000 - 11400 - 3000 lbs per sq. inch represents margin for 
additional stress in bending.* 

Maximum stress due to bending 


f. 


Mv 


Where M 1* 
Hence f, - ^ ( )' [ 


10 


and X 2 -■= 


10 1 f 


P v ' 

weigh! of pipe (with water) - 1240 


lbs. 

per foot. 

103 3 lbs per inch. 


Y = 29-25 inch 


* Arithmetical earn of stresses is considered in place of geometrical. 
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I net = 1 gross - l rive I holes. 

i = 27820 (inch i 4 

04 

Number of rivet holes (if * g") =.- 82 
I of rivet holes = 2 x (,18 al)) 2 x 11-53 - 7915 (inch)'' 
i net 19875 (inch) 4 

X 2 230800; X = 487 inch - 10 feet, approx. 

As regards rivet shearing, the stress due to internal pressure 
e = P r <r 

f .t 1 

n X 7T d 2 . 1 \ 

- /». 

4 o : . 

Where P * 150 x 2551 - 382755 lbs, 

» 82; d = g" ^ ‘ 

e -- 10000 lbs. per sq. inch. 

Safe stress - 12000 lbs per sq. inch /<• 

• • 'c- 

12000 - 10600 - 1400 lbs per sq. inch is a margin, for addi¬ 
tional stresses. J,? ■ 

Bridging over south arm of Bassein creek presented a consider¬ 
able problem in itself, which it is not the intention of the author 
to discuss. The steel bridge constructed by Braithwaite and Co., 
Engineers Ltd., consist of 13 spans 138'6" between centres of the 
piers. 

The north Basseiu bridge consists of 10 spans of 44' between 
centres of piers. 

Both the Bassein creek bridges have provision for laying 
additional 72" main. The pipes are supported by c. i. saddles 
placed at about 14'4" centres. 

The Bandra Creek bridge consists of 6 spans of 34' between 
centres of piers; the pipes are supported on reinforced concrete 
saddles. 

Concrete piers on both Basseiu North and Bandra bridges have 
been done departmentally and the steel work by Braith waite and 
Co., while remaining bridges and culverts by the Tata Construc¬ 
tion Co. 
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(3) Manufacturing of the Steel Pipes. 

Design .—(Plate No. 4). All the three sizes (72", 60" and 57") 
of the pipes used on the work are made of mild steel 'plates 3/8" 
thick with lap joints, single line of rivets for circumferential joint 
and double rivetted longitudinal joint. Each plate for straight 
pipes is 7'2" long between rivet holes. The pipe strakes are alter 
natively inners and outers, the inside diameter of the inner strakes 
indicating the size of the pipes: 3/4" rivets have been used through¬ 
out with 2j" pitch, approximately, and 1|" minimum distance from 
the edge. 

All plate edges are bevelled to an angle of 70°, suitable for 
caulking. Corners of the plates are machine scarfed for a distance 
of 2\" from edge for entering the pipes at the joints. 

Specials —For curved portions bevelled plates have been used 
of standardized sizes for 1, 3 and 5 degrees deviation, about 2' 
long on the centre line of the tube formed, giving minimum radius 
of about 21' (for 5° bend). 

Expansion joints have been formed with 3'6" overlap as shown 
on the drawing. 

Taper reducing pieces have been formed with two horizontal 
double rivetted butt joints. 

Branches for air and scour valves and for cross connections 
have been made of lhe two halves joined by rivetted butt straps 
and the joints ha\e been welded by acetylene flame. 

The complete manufacture of plates including drilling of rivet 
holes and st arling of edges was carried out in the Redcap Works 
of Messrs. Dorman Long and Co., near Middlesborough, and the 
plates were shipped flat to Bombay, which effected a net saving 
estimated at Rs. 30 lakhs, as the ocean freight has been reduced to 
one-fifth of that of shipping tubes. 

Manufacturing of the pipes from the plates has been done in the 
Mulund factory of Messrs. Braithwaite and Co. The factory is 
situated near Mulund Station of G. I. P. Railway and connected 
with the main line by a broad gauge siding. 

The workshop consists of five bays 75 feet span each. The 
railway siding runs through the central covered bay, which has 
been served by four 6 tons electrically operated magnet cranes used 
for lifting the flat plates from the railway tracks and stacking 
them on both sides of the track. On both the sides of the railway 
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track within the two also covered bays are placed four electrically 
driven plate rolls, each operated by a 50 B. H. P. motor. 

These rolls were specially designed for the job; the upper roll 
ean be lifted or lowered by power and adjusted to very close limits 
to ensure correct curvatnre. 

The edges of the rolled plates were bolted together and the 
cylinders formed taken by overhead cranes for rivetting which was 
done on hydraulic metiers with an 8'6" gap, exerting a pressure 
<»f GO tons on a ifivet. During rivetting the pipes were supported 
on turning cradles, hand operated, travelling on rail tracks. 

The pipes were assembled, generally, in eight strakes of 57'4’ 
long. As pipes left the rivetters they were mounted upon the 
rotating stallages within the two outside unroofed bays for 
caulking (inside and outside), all the caulking having been done by 
pneumatic hammers working at 95 lbs. pressure. 

After caulking the pipes were painted with bitumastic paint 
(Bowranite). It would be of interest to meution that painting with 
pneumatic sprayers was found affecting workmen’s eyes and lungs 
\erv seriously and was substituted by hand paiuting. 

The caulking bays were provided with two overhead cranes of 
10 ton each for handling the pipes after painting, turning them and 
loading on the bogies which run upon 2' 0" rail track laid on the 
outside. From here the pipes were marshalled into trains usually 
of 8 pipes 57'4" each ready for transport to the field by steam 
locos. 

The power for the factory has been provided by three 
high speed IJellis and Morcom Engines direct coupled to d.c. 
generators, the total output being 800 H.-P. All the machinery of 
the factory was driven electrically. Two air compressors each of 
550 cubic feet of air per minute capacity supplied air into a receiver 
from which air was distributed in the workshop by a ring main. 
Three pumps delivered together 130 gallons of water per minute 
under 1,500 lbs. per stj. inch into a hydraulic ring main. 

It) Transporting and laying of the steel mains from Tansa to 
Malum and on Powai-Ohatkopcr Branch. 

The trains of pipes were carried along the 2'6" railway already 
prepared upon the pipe track to the erecting stations. As the 
pipes were sent to the field in 8 strakes lengths, only one annular 
joint out of eight was rivetted in the field. 

Travelling on rails goliath derricks spanning over the pipe track 
and railway line were equipped with 20 tons travelling cranes, all 
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movements hand operated. The cranes unloaded the pipes from the 
trains at the erecting stations, traversed them into position and 
suspended the pipes for assembling. 

The easiest way for joining a pipe to one already laid was found 
to be by placing the outer strake of the pipe—suspended by chain 
slung near the centre of the pipe—over the inner; then by lowering 
until the top hole of the outer matched the top hole of the inner. 
The free end of the suspended pipe was held a little higher and the 
topmost rivet hole was engaged with a pointed bar passing througn 
the topmost rivet hole of the pipe already laid. The free end. of the 
pipe was then slowly lowered, the weight of the pipe forcing it over 
the inner strake of the pipe laid. 

Rivetting and caulking were done by pneumatic tools. 
Portable air compressors of 180 cubic feet of air per minute capacity 
were steam driven at the beginning; a complete outfit was mounted 
on a steel platform placed on top of the pipes already laid; the out 
fit was moved by the goliath crane, as work proceeded. 

This arrangement was, however, found unsatisfactory as the 
weight of the sets caused the pipes to oscillate considerably; the 
sets were cumbersome (weight about 12 tons) and much time had to 
be occupied for moving them forward. These sets have therefore 
been replaced l>y the compressors of similar capacity direct coupled 
to semi-diesel engines or by the sets kerosene oil driven, the whole 
outfit being mounted on a carriage to run on 2' 6" tram line. 

The rivets were inserted from inside and kept by a holder 
supported across inside the pipe, while rivet driving was done from 
outside. 

The joints were caulked both from inside and outside. 

Field joints were then examined by municipal inspectors. 
Hydraulic test was done to a completed section of pipes and all 
visible leaks have then been made tight. No allowable leakage was 
specified. 

Field joints were then painted over as well as the top portiou 
of the pipes outside, which had been left unpainted in the shop for 
weather to remove mill Rcale from the plates. 

Rate of progress .—The double line of 72" pipes, 41 miles long, 
i.e., 82 miles of piping have been manufactured and laid in 1(5 
working months, an average of over 5 miles per month. 

Maximum monthly progress of laying and rivetting in the fieid 
of 72” pipes was 11 miles. Maximum length fabricated at Mulund 
and transported was 6 miles of 72" pipes in one month. 
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(1) Work in Bombay Island. Trenching, transporting and 
laying of the steel pipes in Bombay Island. 


Design. —Detailed survey and enquiries were made as to the 
position and dimensions of the underground services existing and 
proposed along the Tansa route. The top of the new steel mains 
was generally appointed G feet below the road surface to provide 
sufficient room for passage of house connections to drains. At 
l oads and underground services crossings the Tansa Mains were 
carried deeper, underneath the services (maximum depth reached 
was 20 feet), using standard bend plates, chiefly 5°, for drooping 
and rising curves. 


In crossing over a large double barrel concrete drain the 57’ 
mains were left exposed, having an expansion joint in the middle 
as shown on the drawing (Plate 5). 

Unbalanced pressure P, 2 p Sin where 

& 

1 XO 

a — Jo 

I : (internal pressure) - 150 x 2551 - 382755 lbs. 

P, - 09400 lbs. 

R - P, x < ‘os 7° 30' - 98400 lbs. 

Weight of pipe with water 1240 x 39 5 -18950 lbs. 


Moment M - 99400 x 41 48950 x 19 75 405 000 lbs. ft. 

Additional stress due to M 


lbs. 

sq. inch. 


,, Mv lbs - 

i - - t - = 7040 ; , T - ill0h 

Tension due to internal pressure of 150 

11400 lbs per sq. inch. 

Shearing stress on rivets due to internal pressure 
382755 

82~x n(f) 1 - 10000 
v 

The total tensile stress 

11400 + 7040 - 18500 


lbs. 


sq. inch. 


lbs. 


sq. inch. 

Total shearing stress on rivets is found to exceed 

lbs. 


12000 


sq. inefiu 



!»2 
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Therefore, to counteract tin* unbalanced pressure, the pipes 
have been anchored to the hotly of the concrete drain underneath. 
A photograph illustrates the work at this crossing. # 

Horizontal curves followed naturally the curvature of road 
and were formed generally as already described under “ The 
construction of the pipe track”; several sharp curves were made 
entirely of bend plates, without intervening chords, the minimum 
radius being 21 lor curves made of 5 degrees deviation bends; 
rile biggest dellectiou reached SS°. 

Xo provision for additional protection of pipes laid under 
ground against corrosion or for additional strength were generally 
made. Flit concrete jacketting was resorted to at the crossings of 
mid* rgmiiud services or open drains. After some experimenting a 
section of roiicrcli* was adopted as shown on the drawing (Plate 5). 

The pipes were transported to Bombay island in trains along 
the 2' <>" railway line as far into the town as was found possible for 
the line to be laid and locos to In* used. The pipes brought, were 
made chiefly in (> strakes, m .. IT long and often in -1' strakes and 
even si rakes. At the terminus of tin* (ram line a large space was 
provided for slacking the pipes. From this point ihe pipes were 
transported further on trailers by 12 ton Fordson tractors. 

I nloading ol pipes (torn tin* rail tracks and loading upon (lie 
trailers in the stoic yard was done by rolling upon inclined pieces 
of limber. Where the railway line was laid alongside the trench 
the pipes wen* unloaded from the train by a goliath crane and 
lowered into (he Ireneli. Some of the pipes were rolled into the 
trenches from the sloped side, controlling Ihe movement by a rope. 

The trenches were made 11 feet wide, giving !)" clearance on 
both sides, suflicient, lor timber shoring.Where (lie concrete jacket 
ling was appointed the trenches were cut 1.1 feet wide and more 
when necessary. The section adopted for trenches exceeding 15 feet 
in d« ptli is shown on Flute 5. 

Estimated ijuantity of surplus earth was removed from the top 
portion of (lie trenches by tipping wagons along the tram line or by 
mol or Ionics where no tram line was laid. 

The sides of tin* trenches were sheeted whenever necessary, the 
sizes of limber as per general instructions for shoring being: 

(a) Vertical planks 2 V or 2" driven 2' into the ground. 

(1)) Waling plates 8" x 0". 

(e) Struts 8" x 6". 



PKOKOFIEFF OiS' WATER SI FIMA' OF IJOMLIAY. !)o 


For driving file planks a 1 cwt. wooden hammer was used slid¬ 
ing upon an iron bar fixed fo a cap plac ed over Ihe top of Hie plank, 

I in* lininiuer being lifted either by hand or hv a rope passed through 
a pulley fixed to the crane overhead. 

For concreting around the pipes the instruc tions were to pro 
pare* 2' wide concrete walls at, usually, two sfrakes distances, 
previous to lowering the* pipes and to complete the concreting 
around after the pipes were assembled, rivet fed and caulked, 
fircumsfances excluded Ihe possibility of charging the* pipes willi 
water under pressure before* concreting around, to ensure* a regular 
cylindrical shape of the* pipes. 

Assembling of the* pipe*s was clone* with I be* help of derrick 
cranes of IS to L\5 feet span, on wheels, hand operate**! and equipped 
with o or 10 tons chain blocks- in very much the* same* way as 
described under laying of pipes outside llombay. 

The* rivet ling and caulking equipment consisted of portable 
gasoline driven Ingersoll Rand's air compressors of 00 and 150 *\ ft, 
of air per minute capacity, delivering air at 100 lbs. pressure, 
with armoured air distributing hoses. 

he-uatcrimj of Trenches. l’olli during excavation and pipe 
laying pumping out. of water was necessary when the trenches ex¬ 
tended hclow subsoil water level or in cases of trenches flooded by 
rain water or from damaged water mains and sewer drains. 
Several types of small pumps were used by the contractors, in some* 
case's use* was made* of the l'ordscm's Iractor engine. In other 
cases it powerful municipal 0" centrifugal pump was used and once* 
a lire* engine was called upon for quirk tle-iralcrimj of a deep 
trench. 

Trench Refill in ff.—\s already mentioned circumstances pre¬ 
cluded charging the newly laid mains with water. Therefore no 
hydraulic test could have been made. After examination of pipes 
by municipal inspector and painting over the joints the refilling 
began, the instructions demanding plentiful watering and ramming 
of the refill. In consequence of a careless refilling the pipes 
oscillated to the extent of over 2V distortion of the horizontal 
diameter, as was found in the inspection pits. 

Observations were made on the effect of passing a 15-ton road 
roller over the trenches with 0 feet earth filling over the pipes, after 
a thorough consolidation; no perceptible deformation was observed, 

lbs 

the earth load being 4 - 17 - r — and the load from the roller only 

so. inch ‘ 
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0 43 - ' (assuming transmission of load through earth tilling ul 

sq. inch 

45°|, i.c. f only 10 per cent of the former. r Mie total load 

lbs 

- 1 174 0-43 - 4 00-- . According to Love’s formula collap 

sq. inch. 

hi hie load for thin steel tubes 


I* - 45340800 


/ i \ 3 lbs. 

V D / sq. inch 


In our case P - 13 03 


lbs. 


sq. inch 


and safe 


, .1* .... lbs. 

load — = 4 31- 

3 sq. inch 


8pedal Works .—Numerous underground and surface services 
required either supporting or divertion or modification, as well as 
roads affected required divertion and maintenance ; passages were 
to be provided over the trenches for foot and vehicular traffic, etc. 
Two large open drains were crossed underneath. In case of one the 
tlow was carried over the Tansa trench through a 57'' pipe laid 
upon the bottom of the drain. In another case the How *Was 
temporarily diverted. Large e. i. water pipes had to be supported 
by masonry pillars. Several storm water drains were syphoned 
underneath the Tansa Mains, lligh tension electric cables were 
slung by ropes or wires to heavy section rails or even to a cable 
stretched over the trench and anchored on its sides. 


Rate of progress, dependant on the conditions, was from 500 
feet of double pipe line laid in a week in trenches without shoring 
to 85 feet and even considerably less in deep trenches heavily 
shored and with plenty of water to be pumped out. 

The work was suspended for the monsoon. The empty pipes 
laid had to be loaded over to prevent their floating. On one 
occasion the pipes floated due to heavy rain which flooded the site 
to the extent of fully submerging the pipes, the earth cover having 
being made from 2" to V 6". 

• The upward pressure of water acting upon fully submerged 57" 
pipe being (for foot run) 

16 (area) x 62 4-250 (weight of Pipe) = 750 lbs. 

the depth of earth cover sufficient to withstand the upward pressure, 
assuming 3ft. as the width between the lines of rupture, would be 

x = 3~ x ~ ioo = 2 i feet > approx. 
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((i) Erection of sluice values, cross connections, air and 
scour valves, expansion joints and other appurtenances 
and construction of anchor blocks, etc. 

I fowl regulating valves of IS'' diameter are installed outside the 
nut lot well at Tansn lake. These valves are hydraulically operat¬ 
ed. The, remainin';' stop valves on the whole line are of 5(1 ins., those 
which are likely to lx* often used are provided with hydraulic 
cylinders. The valves are connected to the mains by taper reducin'* 
pieces of 20° taper on the upstream side and 5° on the downstream. 
The size of valves adopted for cross connections is 2*1 ins. diameter. 
Scour valves mostly of 12 ins. diameter arc provided for draining 
the water out of the mains. The sluice valves on the inlet and out¬ 
let pipes at Malabar Mill reservoir (in use four times a day) were 
provided with individual electric motors with automatic cut off 
switches. 

Automatic air valves of double types, mostly of 8" ins. 
diameter are lived at the summits over slop valves of flu* same size. 

Manholes of 11 ins. diameter are provided along the mains for 
flu* purpose of inspection and repairs. All “dipps” in Bombay are 
provided with manholes for possibility of pumpin'; out water from 
the mains where there are no drains available at a lower elevation. 


All the valves and manholes placed underground are provided 
with chambers suitable for handling the valves and inspection. 

Ij.v pension joints at (‘very 1,000 feet have been inserted in the 
pipes laid exposed to relieve the metal from temperature stresses, 
as shown on the draw ing (Plate I). For the temperature varying 
in the year from r>0° to 1 10° F. and the coefficient of linear expan¬ 
sion 000007 per degree Fahrenheit, the elongation for 1,000 feet of 
pipe will reach 

a (1 000007x00x 1000x 12--7* ins. 

The lap provided is 3 ft. 0 ins. 


The temperature stress will reach 
R - 000007 101, 


where 10 modulus of elasticity ~ 50,000,000 —- 

l$q. inch 

lbs 

R - 000007 x 50000000 x 00 -18000 ----- _ 

Sq. inch 

lh*. 

exceeding the safe stress assumed at 15000 --—-—— 

8n. inch 
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In the underground pipe line in Bombay the expansion joints 
were used with advantage for joining at the meeting points of pipes 
laid by two stations to till up the odd length of a gap, no matter if 
the lines of longitudinal rivet holes did not coincide. 

To free the stop valves on the line from the stresses set by tern 
perature iu the pipes, expansion joints have been fixed on both 
sides of the valves beyond the reducing taper pieces; this also re¬ 
lieved tlie c.i. cross connection pipes and valves from being strained 
on account of temperature movement iu the steel mains. Packing 
the glands of the expansion joints with hemp or jute libre or with 
lead'wool was found unsatisfactory and the joints have been made 
by lirst caulking into the gland a ring of \ in. lead piping, then yarn 
packing and again another ring of lead piping. 

The expansion joints are found leaking perceptibly and alter 
repeated tightening of the gland the angle rings get bent, which 
indicates weakness of the angle seetiou. 

For fixing the stop valves rigidly in their position heavy rein¬ 
forced concrete anchorages have been constructed. Two pairs ol 
angle iron rings are rivetted on the strake next to the tapers and 
holes drilled in the rings to receive the reinforcing bars. 

The whole structure is through-shaped of 53 ft. long (for the 
twin 72 ins. main), and 20 ft. wide tilled with heavy stone tilling 
to provide sullicient weight to resist sliding under maximum thrusi 
which equals 

7 t d- lbs. 

2 x —x 150-:—r =2 x 2i0 = o40 tons. 

4 sq. inch 

Assuming coefficient of friction at 0.5, the necessary weight would 
be 

540 4 ~ 0 5 = 1,080 tons. 

Overturning moment 

510 1 x 8 = 4,320 ton-feet, while resisting moment 1,080 x 27 6 
-21,350 ton-feet. 

The front walls have double reinforcement of double line of 
l ars at each angle iron ring and were considered in the calculations 
aw cantilevers resisting a bending moment equal. 

510 x 3 = 1,020 ton-feet 

The bottom plate is made safe to resist compression and 
bending. The side walls are calculated to withstand the thrust ol 
tlie tilling inside. 
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The twin 57 ins. mains are passing underneath the Railway 
bridge at Bandra Creek upon a rubble bank affected by tidal waters 
to tlie extent of partial submerging the pipes by 2 80 feet from the 
formation, at high tide. 

The pipes have been anchored down bj r iron straps of 3 insxl in. 
section, fixed in the reinforced concrete blocks constructed at 4 
strokes intervals. 


With area of water displaced at high tide equal 10 sq. feet for 
each pipe and the weight of 1 foot of empty pipe equal about 250 
lbs., the upwards pressure equals 


024 - 250 = 374 lbs per foot run. 




The weight of the blocks (in waterj^is to withstand the upward 
pressure exerted upon the pipes. & , 

The importance of air valves providf§p fhe passage for the air, 
was accentuated on one occasion when an isolated section of 72-fhs. 
main was being emptied. An S ins. air valves had been shutoff by 
workmen and vacuum formed in tbe main resulting an ■ the’ pipe 
collapsing. - , ■" . ’ .. 

'• , '''N 1 

The angle ring of the nearest expansion joint berijrvjjwi fnnn 
tbe inner stroke thus forming a passage for the air and p^'e^ting 
the collapse from further extension. ; 


No rupture of the steel (dates or rivet shearing or distortion 
were caused. The G ft. pipe was battened to an average height of 
374 ins., the height of only G.l ins. having been observed near the air 
valve. 


After jacking the collapsed expansion joint and admitting 
water into the pipe under pressure, the pipe assumed under 40 lbs. 
per sq. inch circular shape, though not altogether to tbe extent of a 
perfect cylinder. 

(7) Construction of Chlorination Plant for disinfection of 
the Tansa Wafer Supply. 

The Tansa water, though generally of very good quality, be¬ 
comes turbid during tbe monsoon and is found to contain disease- 
forming bacteria of which b.coli contents is accepted as indicating 
a degree of contamination. Tlie bacterial contents as found in 
raw Tansa water by analyses in Municipal laboratory averages in 
minimum number of 01 c.c. containing b. coli (Houston’s), while 
strict specifications insist on total absence. 



In view of turbidity disinfection alone cannot be considered as 
absolutely rendering walei* safe. Tlie experts whose advice was 
obtained opined in desirability of filtration of Tansa water. 

The tiller installation is however postponed. In the meantime 
gravity rapid sand liIters on the Paterson system are being cons¬ 
tructed and experimented with for treatment of water from other 
Municipal lakes. 

To safeguard the purity of Tansa water at present, in addition 
to protecting the Tansa catchment area, a chlorination plant at 
Powai has been constructed by Paterson Engineering t'o. capable 
of treating the whole supply of fit) million gallons per day 
with liquid chlorine for varied dosages up to about 1.1 part 
per million parts of water, according to ‘'chlorine demand” of 
water to be ascertained by residual chlorine tests. The plant is 
arranged for independent chlorine supply and control for each of 
the two wafer mains. Two pairs ol* Paterson’s Manometer type 
cliloronomos with maximum capacity of 25 lbs. of chlorine per hour 
have been installed. Eight- weighing machines of 12 ewt. capacity 
each are provided for checking tin* weight of chlorine consumed. 
Chlorine is led from the elilorouomes through acid seals to the 
absorption towers to be dissolved by water and the solution enters 
the underground tanks (two) from which the solution is pumped 
iuto the mains. 


The site of the plant chosen for convenient management has 
elevation of 105 T.H.D., about 130 feet below the hydraulic gra¬ 
dient, and 255 feet below maximum Tansa static pressure. 11 ins. 
Durion, chlorine resisting pumps are provided capable each of 3,000 
gallons per hour delivery against maximum head of 220 feet through 
chlorine resisting alcumite piping and valves into the mains, the 
solution being discharged through nozzles of the diffusers into 
21 ins. diameter enamelled iron tubes about 50 feet long fixed inside 
the mains to prevent chlorine attacking the steel mains and fitted 
willi bailies to promote thorough mixing. 

Two Cole’s recording pitometors with maximum capacity of 
2.3 million gallons per hour each are, installed to indicate the 
changeable rates of flow in the mains. The power for the whole 
plant is provided by one of the two installed Potter’s crude oil 
1 S/21 1S.IT.P. engines. 

(N) / nereasiay the St oraye Capa city of the Service Reservoirs 
in Bombay. 

The north part of the Bombay Island is supplied by water 
directly from the supply mains, which mains extend further south 
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iiiul terminate at tlic two reservoirs: (1) Malabar Hill Keservoir 
and (2) Bhandanvada. Keservoir; from which the south part of 
(he Island derives its supply. Thus, the two reservoirs could be 
termed both balancing and storage reservoirs. 


At the outset of the Tansa Completion Works the supply was 
intermittent, being available for certain number of hours in the 
morning and in the evening during the time of maximum demand. 
For lire extinguishing purposes the reservoirs were never allowed 
to be entirely emptied. 


Till the year L022 the storage eaparities were : 

(l) Malabar Hill Keservoir—24 million gallons; 
and (2) Bhandanvada Keservoir—1 U million gallons. 


Total :>oA million gallons. 


As the total daily supply determinated by the Kilometer Sur¬ 
vey was at the time about. It million gallons, the a\ailable storage 
represented 


x loo 


11 


-NOV;,, of the. daily supply. 


With the increased supply of 00 million 
storage available would equal a little over A 


gallons per day the 
of (lie supply. 


To increase the inadequate storage accommodation the re¬ 
servoirs have been enlarged to hold : 

(1) Malabar Hill 20{ million gallons. 

(2) Bhandanvada 20/ million gallons. 


Total r»0 million gallons. 


A third reservoir of 0 million gallons capacity has been 
designed at Sion Hill and proposals made for a large storage 
reservoir of about 230 million gallons capacity at Gliatkopcr. 

The work of increasing the storage of Malabar Hill and 
Bhandanvada reservoirs had followed one another and the con¬ 
structional features were somewhat similar. The concrete cover¬ 
ing comprises concrete vaulting of about 10 feet span, 4" at crown 
and 5" at skew-backs, supported on concrete spandril walls, 8" 
thick resting upon 15"x 16" concrete arches of about 20 feet span, 
supported on concrete pillars. At Bha-ndarwada, large number of 
bricks from the old filters being available, some of the supporting 
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arches of 18 feet span are of brick 18" * 18". Vaulting over larger 
(20 feet) spans at Bhandanvada is of reinforced concrete 6" at 
crown and 0" at skew-backs, the thickness of spandril walls and 
section of supporting arches are suitably increasecf. 

Cracks across the concrete vaulting at Malabar Hill have 
formed. Therefore the construction at Bhandanvada has been 
improved upon by providing expansion joints every 10 feet, tilled 
with asphalt of suitable degree of penetration. 

Haunches of the vaulting have been sloped and drains provided 
therein. The roofing has been covered with earth and public 
gardens laid upon the reservoirs. 

(9) Pitomctcr Survey of the Trunk Mains in Bombay and 
Investigations for Remodelling of the Distribution 
System. 

The Pitometer Survey extended over six months and embraced 
all supply and distributing mains over 12" diameter up to 48", 
number of stations being 64. 

The Pitometers in course of the survey were tested against 
Venturi meter’s readings and the results are shown in the follow 
ing t^ble: 


Rate of flow in gallons 



Water Main 


per hour. i 

Difference 

« «-» O' 

j Velocity of 
j water; feet 


- 

1 

By l 

Ventury | 

By 1 

Pitometer . 

111 ,'o 

: per second. 

1. 

Vehar 24" .. 


192000 

194000 

1% 

2.82 

2. 

Vehar 32" 

. • 

246500 

249200 

1.1% 

2.00 

3. 

Tansa 48'' New 

. . 

793C00 

792000 

—0.13% 

2.81 

4. 

Tutsi 24" 


177000 

180750 

2.1% 

2.62 


Note.—The Venturi meters readings have been taken from 
diagrams; the Pitometer results were calculated from the deflec¬ 
tions of liquid in a U-tubc by formula 

V = C V2 g D(x-l). 

The above results speak well for the Pitometer. It will be 
observed that the velocities were between 2 & 3 feet per second. 
There was no opportunity to test the accuracy with lower velocities. 
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The Pitometer recording instruments gave accurate results, us 
compared with calculations based on manometer readings, for velo¬ 
cities over 1.5 feet per second. Below that value, the recorders 
showed errors on the slow side, reaching in one ease 70% of error 
for a velocity of 0.5 feet per second. 

The Pitometer survey gave to the Bombay Water Department 
necessary information, lacking before, for drawing up a balance 
sheet of water supplied, distributed and consumed, as shown in 
the table. 

Water consumption per capita was found equal to 37 3 gallons. 
The domestic average daily consumption per capita equalled 28 ; 7 
gallons. 

The domestic consumption in different wards was found as 
follows:— 

Ward. Domestic consumption 

per head, per day. - 

A 54-9 gallons. 

B, O, D, E, F together 29 3 gallons. 

G 144 gallons. 

The striking difference in consumption of water between A 
and G wards depends to a certain extent on the standard of 
living and on the presence of large transient population in A* ward 
coming there for daily work. But it should partly be explained 
by waste of water in consequence of the supply being intermittent 
in A ward, while the supply in G ward was constant. 



BALANCE SHEET OF WATER SUPPLIED, DISTRIBUTE^ AND CONSUMED IN 19f£ 

IN MILLION GALLONS PER DAY. 








The I'itontetm? observations 'Provided information of gu^t 
interest ftp the conditioM of (he water mains as legaj^s^ncreasepf 
resislatfli to flow with gained age of pipes. ^ 


Selecting TulIon’s formula (See I'll. Parker, Control of <water ; 
1 ‘ 27 )- " 

V =S Ci y iv y % 

when* C, --.158 for new e. i. pipes. 

120 ,, old, cleaned, Angus Smith coated. 

87 ,, slightly tuyereulated or with mad deposit 
- ‘30 ,, heavily.tuberculated*, 
the following values of the coefficient were found : 

Mains Age Coefficient 0, 

Tulsi 24" 45 years DO 


) 


Vehar 2t" 


37 


> > 


110 


An opportunity presented itself to compare different formulas 
lor discharge, during the survey on the Tulsi 24" Main, the result 
ol working out the coellicients at two rales of tlow being : 

V S 

Velocity Hydraulic 

I eel per See, gradient. 

305 00118 

. 2 Sit 0020 

Note. William Mazen’s formuhv runs thus t Trail twine) 

V = C A . y 063 S c ‘ 54 x 0 001 “° 04 . 

i 

At the time of writing this paper, the supply is considerably 
increased as compared with (hat of the year 1022 and it lias almost 
approached a constant supply, which, it is expected, will be in¬ 
troduced in its entirety as soon as the new mains are cont^^ely 
laid ami expected to the existing mains in liombay. 

With further necessary additions and alterations in the dis¬ 
tribution system it is proposed to insure a daily supply of 50 
gallons per capita throughout the town, with distributing mains 
< a|%le oMa^u^ing the supply within a period of 8 hours (thus 
Piling consumption) with a head of not less than 

70 liet above tdfeluraund ||^d also capable of discharging 500 c. ft. 
nor mirage n,t WmWBHm< \rLii£, 10 feet above the ground for fire 


O, 

Till Ion’s 
(’oellic. 

800 

001 

j i 


Cx 

Ilazen’s 

t’oeffic. 

82-0 
81 5 


n 

Ktittier’s 

Coefficient., 




io# Tn 10 '"'Ikstitut ios of knhinefrs (lNDU)i 

■ , *\ 


lAtinguishing purj m» s< i s. The proposed renuxlolling <>J' Hu* dis¬ 
tribution system will, it is expected, result in an entirely iplcrlae- 
mg system for lull, security ol supply,- whit < I i*1 i net*' supply 
districts ensuring efficient control over distribniion, divided into 
convenient meter districts lor wasle prevention purposes. 


The, whole work oi 1 lie S< luwhe has been carried out lo (lie 
design and tinder t he supen ision of Air. II. .1. Trivess Smith, 
M. 1. C. F., M. I. AI. Special Engineer, Tansa Completion 
Works, Mr. VV. A. Aiven, A. M. I. C. 10., M. i. 10. (Iml.j being a I 
tshe lime Municipal Hydraulic Engineer, 


’rhe author's thanks are due to Mr. A. W. Stonebridge, 
A. M. 1. 0. 10., who has assumed the charge of I ho work on 
II. -I. T. Smith’s departure from India, for rendering assistance in 
preparing lhis pa]ter. 


. The ('out raelors lor the manufacture and laying of I fit 1 sleet 
I'ltitfins have been Messrs. I>i ail h\\ a ile and Co., lOngineei s, Limited, 
'England, and for I he preparation of I he pipe (rack Messrs. The 
'Pata Const 1 net ion Co., Limited, Itomha v. 


The cos 1 of the completed scheme is approaching Its. 5 1 , (Tores, 
of which about Its. I note represents the cost of I he pipe track and 
about Rs. erores that of the steel mains. 
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An Embankment Along the Pipe 3 Track Near Bhandup About 40 f High. 



Pipe Laying Outside Bombay Island. 
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Plate No. 3. 


MR, \V« CLARKS DESIGN rOR TANSA £>AfA 



MAXIMUM PRESSURE '.25-22 LSS PER SQUARE IN rI- 
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57" PIPE 
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Plate No. 4—(Contd.) 
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Plate No 4. — ( Contci .) 




DETAILS OF EXPANSION JOINT FOR 72'PIPE 









A CROSSING OVER A DOUBLE. BARREL DRAIN 
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CROSS SECTION OF DEEP TRENCHES 
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DISCUSSION ON 
THE TANSA WORKS. 


Mr. A'. M. Kirkhopc .—I think the author is to he congratulat¬ 
ed on the presentation of a paper, full of interest and of much 
practical value to engineers contemplating or engaged in similar 
schemes. It is so full that it loaves little room for discussion. I, 
however, consulted this paper in connection with the problem of 
supply of pipes in which the engineer specified plates of boiler 
quality but failed to find the quality of plates used on the Tansa 
scheme specified though I imagine they are of A class steel such 
as are used in bridge* construction though to minimize rusting 
ingot iron plates are being used by the same contractors elsewhere. 
I may say boiler plates were* ne>t supplier! in (lie* seheme* mentioned!, 
the engineer having te) be content with something cheaper. I have 
hael an opportunity of visiting this project, starting in (he* works 
e>f Messrs. Braithwaite at Mulaml where pipes we*re manufac¬ 
tured ami after having se*e*n the manufacture* of these I proe-e*eele*d 
alemg the* pipedine* to Bassedn <Ye*e*k and e>n te> the* Inielge* the*re*. I 
was ve*ry mue*h struck with the* e*xe*e*llence* of the* weak and with 
the* e*.\ce*llenee* of the* arrange*nie*uts for earrying it out. i think il 
will generally be* admitte*el as a tribute te> the* remarkable* aeeuraey 
ed‘ meeelern fabrication iue*thods that the plates shoulel have come* 
emr from (lre*at Britain fully drille*el and se*arfeel, and that on 
being rolleel into cire-ular shape all the boh*s slioulel have coine* 
leegethe*r accurately. 


The* shipping of the* plate*s flat was in this ease done* le> save* 
livight but under present eemelitiems e>f tariff it weenie! have be*en 
necessary to ship the plates uudrillod and unfabrie*ate*el in any 
way to save* the high customs charge** on fahrieate*el steel. I 
think it is certain that it woulel have been che*ape*r to elrill heel<*s 
in India under pre*se*nt tariff e*liarge*N tlean tee have im])e»rte*el plate*s 
ready elrilleel. 


Further the enterprise* of the e*ontraetors in establishing a 
pipe making works has resulted in an additional bridge works being 
established in India on the nucleus of the pipe works. 

I notice that painting in the lield was done after mill wale* 
had dropped off and T think this very sound. In steelwork con¬ 
tracts generally it is usual to specify that at least one or even two 
e*oats of paint should be applied in the works and in the case of 
imported steel-^rk it is usually found that most of this paint has 
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dropped off before the fabricated steel bus reached site of works. 
In some cases, tendering firms have actually quoted lower rates if 
permitted to paint steel work after arrival at site, owing to the 
hut that they have in any case to repaint after arrival due to the 
damage done an route. It would probably he advisable in all 
cases to paint after arrival at site and give every opportunity for 
mill scale to bc‘ knocked off during transit ;md by the rusting 
which takes place during the sea voyage. 

The expansion joints provided seem to he numerous and fairly 
long. 11 would be interesting if tin* author could state what 
movement has actually been found at these joints. This is always 
a problem in long supply pipes in India where temperature 
mages are great, in some cases being more than double what they 
.ire in Bombay. 

It is interesting to note the very heavy consumption of wafer 
in A ward and tin* small consumption in (i ward and the author’s 
note that, “whereas the supply was intermittent in A ward, it. was 
constant in (1 ward.” It has often occurred to me that the action 
taken when there is shortage of water by municipalities and others 
has tended rather to accentuate the shortage than to relieve it., for 
when the water supply is intermittent large quantities arc stored 
and thrown away when tin* fresh supply comes on. 


Again I would thank the author for his most excellent paper. 

Mr. .1. (!. Khun .—With reference to Mr. Kirkhope’s remarks 
regarding the advisability of painting steel work after arrival nr 
site, instead of before despatch, he could not agree entirely with 
this opinion, as he considered it most necessary to paint stej^l work 
before despatch, with ar leas! one priming coat. Mr. Kirk hope 
explained that the point he particularly wished to make in this 
connection was that it was no use [minting steel work which had 
not lost its mill seale, as the latter, together with the paint on it, 
was hound to drop off eventually and the money spent on [tainting 
must, therefore be wasted. 


Mr. T. A. F. ft tone .—Also drew attention to the fact that no 
mention had been made in the Paper regarding the precautions, if 
any. that had been taken to ensure that the pipe line would not 
be damaged by the high pressures that might be caused bv stop¬ 
ping the flow of water. TTe said that he had made some calcula¬ 
tions of the pressures that would he developed by the closing of a- 
sluice value in various times, using the formula— 

P - m x f = — x f, where f = 

g t 

ami found that, if the sluice valve was completely closed in 10 
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seconds, tin; resulting pressure* would be about 000 lbs. pec sq. 
inch and that, even it llie closing' of the sluice valve took 2 
minutes, the resulting pressure would be about 50 lbs? per sq. 
inch. 


H«i liuliudar .1. \ audit. Mr. Brokolietf’s papers deals with a 
subject of great importance to a Hydraulic Engineer and the bold 
manner in which the u hole scheme has been executed collects tin* 
greatest possible credit on the Engineers responsible for designing 
and executing the same. 

I was fortunate enough last year, when attending the Annual 
Session of the Institution, hold in Bombay to go round some por 
lions of this siupemlous scheme in company with Mr. Stone 
Bridge. Mr. J'rokolieff also was kind enough to show me the work 
e! pipe laying within the city of Bombay, which was a highly 
laborious task requiring great rare and forethought in view of 
trallic conditions and the numerous underground and surface* 
services, which cither crossed or coincided with tin* pipe align 
incuts. 


The table on page 2 is very instruct ive and useful. The rate 
ol increase of population in Komha> as deduced from the figures 
ol l!ll)l and 102(5 works out to 2 (i per cent por annum -rate of 
increase in Lahore is 17 per cent per annum 

Bate ol consumption in 102(1 went up to 50 gallons per head 
per diem and the total daily demand stood at (12 million gallons. 

Aow (In* water supply from Bombay is derived from three 
sources namely: — 

1. Tulsi Lake 

2. Velma* 

2. Tansa 

The tirst two are ordinarily capable ol‘ giving a. daily supply 
:*i 14 million gallons and the Tansa Lake supply would now give 
00 million gallons. 


According to the consumption figures of 192(5, there is thus a 
icsenc of 41 million gallons in the Tansa Supplv for meeting the 
increased demand in the future. This reserve would he fully 
utilized during the next 25 years, provided the rate of increase ol 
population remains the same as during the past 25 years and the 
daily consumption per capita does not exceed 50 gallons. 


There is no mention in this paper, however, as to whether 
jouse connections and private supplies in Bombay are metered 
or not 
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Tlio number of house connections in 1020, was :>1,8<iS ami (In* 
people dependent on a single connection being -1 Io 5. this accounts 
foe a population of U lakhs nearly. Experience in Bengal and the 
Punjab shows that where the supply of piped water is plentiful. 

1 On I lo {tli of tin* ydal population derive their <iail\ supply from 
house connections. There is llnis great probability of the number 
.if house connections in Bombay getting doubled in the near future. 

This eventuality would necessitate the adoption of universal 
metering as an essential safeguard against negligent ami wilful 
waste, if tin* Tnnsu supply is to meet the prospective demand 
during the next l.~» to lib years. The total cost of tin* Tansa rumple 
lion works is not given in this paper, nor the annual cost of main¬ 
tenance and of lObtt gallons of water piped down to Bombay. I 
however, understand that the total cost was in tin* neighbourhood 
of l> i rores of rupees. 

t'omparing small things with great we have got a scheme ol 
gravity supply under contemplation in tin* Punjab namely for 
Ambala-water to be piped down 24 miles from the sub-artesian 
springs of tlie Ohaggar and we anticipated to supply water to the 
different consumers like the—Cantonment, the N T .-W. Railway arm 
the* city at 0.‘, annas per 1000 gallons. 

The Tansa steel mains have been laid on the ground and taking 
into consideration tin* size of (lie pipes and the temperate climate 
of Bombay this was probably the best things to be done. Tin* 
discharge of the mains has been calculated Irom Cliezy’s formula, 
which com part's favourably with Kutter (value of X -014) Box and 
Panning, wdiile Professor Unwins own formula 

„ 0.0440 V' 

b “ 1.16 x 2 G 

D 

(1 for India 42.125 

allows for more than 110 ]>er cent, extra incrustation losses. The 
('hemieal analysis of water not being given in the paper, it is 
difficult to judge, which formula would suit the local conditions 
best. 

The storage capacity of the city service tanks (50 million 
gallons) as against a total maximum supply of 00+14=104 million 
gallons is most satisfactory. Ordinarily (i to <S hours supply is 
stored to tide over the peak demand. 

The author of the paper says that one of the striking differen¬ 
ces in consumption between Wards .V and <4 is due to waste of 
water in consequence of the supply being intermittent in A Ward 
while the supply in (4 Ward is constant. This is a valuable point 
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and accounts tor tin* apparent paradox that consumption per 
capita is less if tin* supply is a ID hours supply than would be the 
case if the supply was an intermittent one. Our experience in the 
I'unjab is also the same. 

The chlorination plant at 1'owai is a valuable adjunct to the 
whole scheme, it is worked for some months in the year, when the 
lake water is turbid and the fact that bacterial content is present 
even in 0.1 e. c. shows the necessity for such a plant and for the 
thorough disinfection of Ihe raw water. 


Mr. F. ('. Tail pic .—The statement that disinfection alone 
cannot be considered as absolutely rendering water safe is one of 
the most important statements in the whole of the paper. It has 
been pointed out on more than one occasion to the Municipal Cor¬ 
poration of I’ombay that they are running very considerable risks 
in chlorinating their water without first filtering it. At certain 
times the water undoubtedly carries a very considerable quantity 
of organic, pollution and it is a well cstblished fact that organic 
pollution can absorb very large quantities of chlorine without 
complete sterilization of pathogenic germs. So heavy doses of 
chlorine will inevitably make the water taste. This causes a danger 
when the population served is largely uneducated. For, to un¬ 
educated people water is water and fit to drink unless it is obvious¬ 
ly dirty or has an unpleasant taste, and a water tasting strongly 
of chlorine will drive them to highly polluted water that happens 
to taste more pleasant. 


That this is a very real danger is shown by the apologies for 
the taste of the water that appeared in Public Press at the end of 

Julv. 

« 


1 11 addition to these risks there is a very appreciable risk of 
corrosion of pipes and fittings. 

Mr. F. r. (i tiffin .—If the author had boon present I would 
have liked to ask a question with regal'd to the temperature of the 
water. Tn page 82 of the paper it is stated that “ on the whole 
length from Tansa to Malim and from Powai to Ghatkopar, the 
pipes are laid fully exposed, with the exception of the 57" mains. 
'Pirns for most of the distance the pipes are exposed to the sun and it 
would be interesting to know’ whether, on a hot day, there w r as 
much difference betwen the temperature of the water 
entering the pipe line and that of the water flowing out of it. 

T would also like to draw attention to the coating of the pipes. 
On page 89 it is stated that after caulking, the pipes were painted 
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with bitumanth* paint,—on page 90 that the held joints, were paint 
ed over, and on page 92 that no provision for additional protec¬ 
tion of pipes laid under ground against corrosion or for additional 
strength were generally made. It appears therefore that except at 
the few crossings etc,., where concreting was done, the pipes are 
protected with one coat of paint only. In the trunk mains of the 
South Staffordshire Mond Gas Co., steel japes (Mcplian Fergusson 
lock-bar pipes) were used, the japes being in 2N feet length, and 
ranging from 4ft. diameter down to 21 inch. All these pipes were 
first dipped in Dr. Angus Smith’s solution at the factory, then 
wrapped in brattice cloth, and dijtped again in tar. On arrival at 
the trench side, any places in which the covering was damaged 
were repaired. After jointing, the collar and adjoining jupe was 
painted, wrapped with brattice cloth, and tarred. Where pipes 
were laid through ashes or old pit mounds, clay was carted to the 
site and the pipes were surrounded with 0 inches of clay puddle. 
The treatment of the Tansa steel jtipe line seems to he very differ¬ 
ent to this, and it will be interesting to see what the life of this 
pipe line will be. 

Mr. A. F. Wyatt .—The author stales that bridging over the 
south arm of the Bassein creek presented a considerable problem 
in itself, which he did not propose to discuss. 

A note on any special difficulties encountered and the means 
adojffcd to overcome them would be of general interest. 

General .—Were there any special difficulties during construc¬ 
tion. Tf so a note on these and how they were overcome would add 
greatly to the usefulness of the pnj)or. 

Mr. A. C. Austin .—In connection vith expanding joints in the 
pipe line it would be interesting to know whether after a period 
of time these continue to function. Experience on Railway work 
would lend one to expect that the whole j>ij)o line would probably 
to some extent creep, and that after a few months, or at any rate 
\ ears, some of the expansion joints would be permanently extended 
to their extreme limit and others permanently compressed. 

Mr. D. II. Remfrcy .—The paper is one which might have been 
made very interesting if it had dealt with details and the difficult¬ 
ies encountered instead of merely sketching the general aspects of 
the case. 

For example, the Tansa Dam although built of the full width 
for the intended Anal height in the first instance was not the full 
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height and has subsequently been raised 13'. Was there any diffi¬ 
culty encountered in doing this? Were any precautions taken in 
regard to variations in temperature between the old work and the 
part added. In the Assuan Dam the question tff variations in 
temperature between the old work and the masonry added to raise 
the dam to its linal level gave more food for thought to the design¬ 
ers than any other problem. 

In this particular instance the problem is not of such magni¬ 
tude nevertheless one would have expected special precautions to 
be taken and details as lo what these were would be interesting. 
It. would also be interesting to hear if there are any cracks in the 
newly added part, or any leakage through the joint between the 
new and old parts. 

The question of the rain fall and the run-off is one which is 
extraordinarily interesting. 

Apparently with a mean annual rain fall of 01 inches the run¬ 
off is 57.(5 inches or (51 per cent. 

The reservoir capacity is SO per cent, of this run-off. 

What however is likely to happen in a year of drought? 

The present consumption appears to ho about <55 per cent, of 
the reservoir capacity or a little more than 52 pm* cent, of the 
normal run-off. 

In a year of minimum rain fall the fall is given as 10 inches. 
Thu run-off in this case will be nothing like (51 per cent, and is 
more likely to be nearer 30 per cent, which would give considerably 
less water in the reservoir than was used in 102(5. Ten or twenty 
years hence when Bombay has learnt to expect 35,000 million 
gallons per year it may suddenly find it has to do with half this 
amount. But it would only find this out when too late. 

It would be interesting to know what studies have been made 
in respect to the reservoir capacity being reduced by silting. 
The question may not be a serious one in the Tansa Scheme but is 
a very great peril in certain schemes in India 

The expansion joints and temperature effects in the pipe line 
are of primary importance. An expansion at the joints of 7| 
inches is given by calculation allowing a temperature range of 
90° Fahr. My own experience has been that engineering fractures 
do not expand or contract as much as they are expected to. For 
example on bridges mounted on roller bearings the expansion is 
often only half or one third of what is expected by calculation. 
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lu the ease of a pipe line which is not on roller bearings nor lias 
:iny facilities for movement one would expect little movement at 
the joints. 

Temperature stresses in the pipe and unequal stresses are also 
interesting. In bridge-work sometimes the temperature in a plate 
exposed to the sun is not so high on the upper or exposed side as 
oil the underside. Again, the temperature between the upper 
side and the lower side of a bridge may very by .*10°. It would be 
interesting to know how the temperature of the pipes vary and 
whether any allowance has been made for tempera hire stresses. 

Further it would be interesting to know what the builders of 
this pipe line think of the subject of creep. Bailway Engineers 
can tell us a good deal of the cost of rectifying creep in rails. 
What however would happen if the pipe crept badly? The weight 
per foot when full of water may la* twenty times as much as a 
railway track, and the cost and difficulty of pulling back the pipe 
line may be more than twenty times as serious. The pipe is 
exposed to the sun for miles, and although not subject to the 
vibration to which a railway track is subjected it is possible that 
there may be difficulty from creep. 

Finally the paper would be of much more value to the 
Engineering profession if instead of giving tin* total cost of the 
pipe line the Author eouhl give the unit costs in detail—that, is 
to say the details of how the cost per ton of pipe line work out as 
regards raw material, freight, handling charges, bending plates, 
fabrication, erection, rivetting, painting and overhead and 
supervision charges. 

Mr. N. B. Wilson .—Be Testing. It is noted that no allowable 
leakage was specified. In testing will the author kindly say what 
actual leakage per mile or other unit of length of pipe was found? 
In Calcutta a length of 5,000 lin. ft. of 00" diameter steel main has 
been tested when it was found leakage at the rate of 15 gallons 
per minute was taking place. No information, so far as I am able 
to trace, is available as to the amount of allowable leakage in 
large diameter steel mains. 

Re: the floating of the empty pipes caused by monsoon floods, 
what steps were taken as to the placing of these mains at their 
original invert levels or whether they were allowed to remain in 
their uplifted condition. Did the upheaval of these pipes cause 
straining of the canlking and had they again to lie recaulked. 

In Calcutta during 1025 due to monsoon rain a length of 
450 ft. of 60" main was uplifted through a maximum distance of 
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2'- 8% no apparent damage lias been caused altliough this pipe 
has not yet been tested. Lt is, however, proposed not to lower 
this portion of pipe blit to fix an air valve on the highest portion 
of the pipe and have all joints caulked inside and out. This 00" 
main lies between the two existing mains of 4S" and 42" diameters 
with only l'-0 7 ft. clearance between those mains, and the steel 
main on either side and is laid close to the edge of a large tank. 
Fears were eutertained as to tin; safety of the existing mains but 
no damage has been done to them due to the upheaval of the 00" 
steel main. The earth cover on this main at tin*, time of the 
upheaval taking place was 2 ft. thick which was insufficient to 
balance the upward thrust of tin* empty pipe. 

The collapsing of main pipes due to vacuum is not unknown. 
It would be of interest to know what leakage look place (if any) 
after pressing out the pipe to nearly its original section as 
explained by the author. 

Chlorination .—The dose of 1.4 parts per million is fairly high. 
Have any complaints been received as to any “Iodoform taste" 
being detected by the consumers. It would lx* of interest to know 
what the cost per lb. of liquid chlorine is delivered in Bombay 
and from when* it is obtained. Has any action yet taken plan 
on the steel mains in spite of the precautions taken to get the 
chlorine solution well distributed in tin* main pipe and if so, ot 
what nature and extent is this action? 

Has there been any trouble with tin- valves on the cylinder* 
containing the liquid chlorine sticking and preventing them being 
opened without risk to the operators? 

The figures given by the author as to the consumption per 
head per day in the various districts are very interesting and point 
out very clearly that with a. constant supply a much less consump¬ 
tion per head per day can be obtained than when the supply is 
intermittent. 

The author has given a very interesting paper and is to be 
congratulated. The photos very clearly show the nature and 
extent of the work. 

The author, in his reply, dealt urith the various comments as 
follows :— 

, Mr. K. M. Kirkhope’s remarks—The steel specified for Tansa 
mains was to be made by open hearth process, having a minimum 
tensile strength of 20 tons per sq. inch with an elongation of not 
less than 20 % in a length of 8 inch with a contraction of area at 
point of fracture of at least 40 %, etc. 
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As regards the controversies of opinion (Mr. A. O. Khan’s 
remarks) on the advisability or otherwise of painting steel work 
before despatch, 1 would suggest that the priming coat in the 
shop may be of use for protection during transportation, provided 
the steel is previously cleaned of mill-scale by pickling and 
thoroughly cleaned of all dirt, oil aud rust. Measurements of 
expansion due to temperature were actually taken and the co- 
ellicient of linear expansion worked out. as far as I recollect, in 
the neighbourhood of 0.000007. 

It is very interesting to note that Mr. Kirkhope substantiates 
my statement on waste due to intermittent supply as also do Mr. 
N\ 14. Wilson of Calcutta and Uni Bahadur Amaranth Nanda in 
their comments. 

Bai Bahadur Aniarnath Nanda’,s remarks—The domestic 
supply iu Bombay is unmetered, while the trade supply is metered; 
the latter constituled about £ of the total supply in the year 1921. 

Attempts were made to introduce meters for house connec¬ 
tions, but the Municipal Councillors' sentiment against taxing 
the water supply prevailed. 

The total cost of the scheme has been shown in the paper, 
namely, Us. 5J crores ( page 104.) 

Mr. T. A. F. Stone draws attention to what is termed 
“Water-hammer.’’ Y. 1*. Marran’s modern formula (see E. 
Wegmann’s Book on Water Supply) runs thus: 

T vV 

P=0.0201-^ 

where L- length of pipe line in feet 
T-tiine in seconds required to close gate. 

Now, from actual observation, it takes .‘1045 minutes to close a 

hand operated sluice valve, a. Hydraulically operated valve 
of this size closes in a couple of minutes. Assuming for Tansa 
line L=20,000 feet (distance from the lake to the nearest sluice 
valve); T=60 Seconds and V=3 feet per second, P works out at 
about 201bs. per square inch; very different result as compared 
with Mr. Stone’s rough calculations. 

I would acknowledge with thanks Mr. F. O. Temple’s sub¬ 
stantiating my statement regarding disinfection by chlorine. 

The chlorine plant described in the paper was an aftertought 
of the designer when he found that money was not forthcoming 
for his Alteration proposals. 
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Mr. Temple’s apprehension of the risk of corrosion due to 
chlorine has been completely confirmed by the failure of the 
pumps of the chlorine plant described, through corrosion of the 
valves made of ‘‘non-corrosive” alloy. 

Mr. F. C. Gridin\s remarks. I regret I could find no data in 
regard to the temperature rise of water flowing through the ex¬ 
posed mains. Experience in Horn bay lias shown, however, that, the 
rise is very small and unobjectionable. Considerable length of all 
the supply mains in Bombay are laid exposed; they are 72", 
00", r>7", 50", 48" steel mains and 48" 32", 24" c. i. mains. 

As regards coating of steel mains I am strongly of opinion 
that one coat of paint is very poor protection for the mains laid 
underground in Bombay. 

Steel mains recently laid iu Brooklyn (New York) were coat¬ 
ed with two coats of bitumastie solution plus one of bitumastie 
enamel, the thickness of three exceeded 1 /Hi". 

I regret I cannot satisfy Mr. A. F. Wyatt’s desire to have a 
description on difficulties encountered in the construction of tin* 
Bassein Bridge. I endeavoured in my paper to dwell upon the 
problems of signitieanee for water works engineering and especially 
referring to the works I was directly connected with. 

As regards diflieulties in general I hoped they were sufficiently 
referred to in the paper. 

I must also apologise for disappointing Mr. D. IT. Iiemfry in 
not describing difficulties where he expected them to exist. 

To my knowledge temperature variations did not add much 
to the difficulties of connecting the old and new work in increasing 
the height of the Tansa Dam. Slight sea page is traceable in places 
along the line between the old and new masonry. Mr. Remfrey’s 
question of future proposals is answered on tbe first page of the 
paper where it is stated that additional supply is proposed to be 
derived from Viterna River. 

Silting of the lake does not present, to the writer’s knowledge, 
a danger in the ease of Tansa Lake. 

As regards expansion in the steel mains due to temperature 
variation, the. coefficient of linear expansion, from actual observa¬ 
tions worked out in the neighbourhood of 0,000007. Unequal 
expansion due to exposure to the sun was very noticeable in the 
case of a vertically fixed air valve upon a curved portion of a 
main; the air valve inclined in opposite directions before and after 
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noon. Expansion joints responded satisfactorily in eases of un¬ 
equal expansion. 

Creeping of empty pipes was observed due to expansion, in 
some eases upwards of a slope, through jamming, towards raster 
responding expansion joints. Expansion joints excessively ex¬ 
tended were satisfactorily rectified. 

As regards unit costs in detail I regret that, away from Bom¬ 
bay, I cannot obtain tin* necessary information. 

The above remarks answer Mr. A. C. Austin's questions. If 
should be noted that expansion due to temperature took place 
in empty pipes. Flow of water in the pipes prevented further 
influence of temperature changes. 

To the writer’s knowledge expansion joints on the Yeliar steel 
IS" cain were caulked with lead, subsequent to the admission of 
flow of water. 

With reference to Mr. N. B. Wilson’s comments on my Paper 
on Tansa Completion Works, I have the following remarks to 
make. 

Regarding leakage from the steel mains under test. 

To my knowledge tin* New York Board of Water Supply speci¬ 
fication for the recently laid 72" steel rivet ted mains in Brooklyn 
allowed total leakage from the mains tested under pressure of 300 
feet column of water not to exceed 1 gls. per linear foot of pipe 
per 21 hours. 

Actual leakage from the; Tansa mains under test was not 
measured. All visible leaks through rivet ted joints in the pipes, 
laid exposed, were satisfactorily closed and made tight. Leaks 
from the expansion joints were under the observation of Mr, W. 
A. Niven (Member), Hydraulic Engineer, Municipality. 

The author has no data. 

Referring to floating of pipes caused by monsoon, alter the 
upheaval of the pipes no straining of the joints was noticed due, 
probably to responsive action of nearest expansion joints. The 
pipes went down after charging with wafer, helped by excavating 
underneath. 

After the collapsed pipes assumed their shape no appreciable 
leakage took place through the rivetted joints. The nearest ex¬ 
pansion joint suffered as explained in the paper; the author has no 
data as to the leakage through this joint. 
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The (lost* of 1.4 pari per million is certainly very high and 
represented the maximum capacity of the plant described when 
treating 90 million gallons per day. 

To author’s knowledge complaints were received of the smell 
and test in the water treated by chlorine in Bombay with a dose 
even smaller than the above. 

As regards disinfection of water by chlorine the author is 
endeavouring to introduce electrolytic chlorination in connection 
with the new scheme at Gwalior, as already practised in U.S.A. 
(Sacramento). The process is kown in India and promises to prove 
cheaper (provided cheap electric power is obtainable) and more 
convenient than that of liquid chlorine. 

There is no doubt that a constant supply ensures less wastage 
of water, along with other advantages well-known to water 
engineers. 



MORTAR TESTING 

BY 

S. R. KRISHNAMURTHY , Associate Member. 


The strength of masonry lies, chiefly, in the mortar nsed, arid 
although in important structures daily tests are carried out, there 
is no standard under which these tests are made, each engineer 
having his own method of preparing, keeping, and testing his speci¬ 
mens. Some engineers take the dry materials and make laboratory 
tests only, others lake samples of mortar from pans, others from 
the mortar dumps on the work. Some mould the briquettes imme¬ 
diately the sample is taken, others wait a few hours before mould¬ 
ing, some add a little water if the mortar is too stiff to mould pro¬ 
perly, some make tensile tests, and so on, so that although in the 
course of the construction of important works, I refer especially 
to Dam building, many thousands of mortar tests are made, the 
results cannot be compared owing to the different methods adopted 
in the preparation, preserving, and testing of the briquettes, and 
so valuable data is thus lost, and fresh arrivals have to begin anew. 

The object of this paper is to point out the varying results that 
can be obtained by different treatments of mortar, and the 
briquettes prepared for tests, and to suggest to this Institution 
that a standard, both as to the preparation and testing of mortar, 
be laid down so that time may be saved, in the carrying out of 
experiments, by standardizing the procedure. 

In this paper I have confined myself to the objects stated abo\t|, 
and have not dealt with the variations in the quality of the mortar 
owing to changes in the proportions and qualities of its ingredients, 
the relative merits of kankar lime, and fat lime with surki, the 
quality and quantity of surki to be used, the amount of water 
required, and the effect of increasing its quantity, and such other 
points dealing with the quality and design of mortar. These and 
similar subjects will be dealt with on another occasion. 

It will be seen from.the graphs and descriptions given below 
that, (1) the time of keeping the samples of mortar between grind¬ 
ing and moulding, (2) the method of preserving the briquettes, (3) 
the period between taking the briquettes from the maturing tanks 
and testing, (4) the height of the briquettes, and (5) size of the 
briquettes, have all a large influencepn the results of the tests. 



120 


THE 1XSTITFTIOX OF EXtilXEEltS (1XDIA). 


The tests, the results of which are given in this paper, wort; nil 
carried out with lime and surki mortar. prepared under working 
conditions in power driven mills, in the proportion of 1 lime, 
1 surki, and 3 sand (crushed stone) and unless specially mentioned 
all briquettes were 2" cubes moulded in brass moulds and tested in 
compression to failure. The graphs will apply exactly only to 
mortar of similar composition, but f have no doubt (bat the general 
behaviour will be the same for all hydraulic lime mortal's. 


TIME FROM GRINDING T<>M<>U/MX<; 


Plate 1. 


It frequently happens that mortar ground on one day cannot 
wholly he used on the same day. and a balance is sometimes eacried 
over for one or two days from the lime of grinding. 


Tests were made to ascertain the extent of decrease in stlength 
by so keeping, and the results obtained are shown on diagrams 
Figures 1 and 2. Judging by the results of the tests after 3 months, 
the mortar appears to lose approximately 10";, of its strength re 
gularly for every day it is kept after grinding, as will be seen on 


referring to Fig. 2, it is therefore unwise to keep this 
kind of mortar for more than a day after grinding, 
quicker setting mortar than that made with kankar lime 


particula r 
it being a 
l . the cause 


of the fall in strength is probably due to the disturbance of it* 

initial set. as it is necessary to add more water and again mix 

before use. It mav bo noticed that the behaviour of the one dav old 
* * 

mortar is very curious. It is actually stronger than fresh mortar 
after a week and a fortnight. The curve's (Fig. 1) for fresh 
mortar, and mortar kept for 1 day cross at about 20 days. Jn 
order to test the accuracy of this point, similar samples were tested 
at the ago of 20 days and found to give the same strength. I am 
unable to state the reason for this peculiarity, perhaps others may 
In* able to suggest it. Each point marked with a circle on the curve 
is tin* average of four samples taken and tested on four different 
dates, lour briquettes being used for each test. Thus every point 
given is the average of 1G briquettes consisting of four sets each of 
four briquettes. Each set was prepared from the same batch of 
mortar, portions being taken and moulded, (1) when fresh, (2) 1 day 
old, (3) 2 days old, and (1) 3 days old. Tests were not carried out 
for a longer period as it was thought that no engineer would care 
to keep mortar for more than three days after being ground. 
The mortar was preserved in a eool place, and kept damp by water 
sprinkled at intervals. A portion of the batch was taken for mould¬ 
ing each day and mixed, by a trowel, with sufficient water to bring 
it to the same consistency as i|-was when freshly moulded. 
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METHOD OF PRESERVING. 

Plato 2. 

Fsually tost briquettes of hydraulic mortar are put under water 
as soon after moulding as ran bo done without causing them to 
crumble, and till then they are kept in a moist atmosphere by cover¬ 
ing with a wot cloth, or other means. This period generally varies 
from 21 to 48 hours from the time of moulding, according to the 
weather. Some engineers prefer to keep the briquettes always in 
a moist atmosphere. In order to ascertain tin* effect of the two 
methods of preservation, it was decided to make a set of briquettes 
from one batch of mortar and keep half under water and the re 
mainder with tin* tops only exposed, in line river sand, which was 
kept constantly wet by waler sprinkled at intervals. The sand was 
not put in a tray but was spread on a concrete floor so that there 
was no standing water and the sand only was wot. These briquettes 
were taken from Ibe sand two hours before they were required for 
test and immersed in water for (his period so that both classes of 
briquettes for comparison should be in the same condition of wet¬ 
ness when tested, the necessity for so doing will he clear when the 
next section is reached. 

If is seen from the graphs (Fig. :>> that mortar when kept in 
wet sand gives a much lower strength after a week than when kept 
under water for the same period, but the difference decreases quick¬ 
ly until it is ni' at the end of three months. The reason for this 
behaviour cannot be stated with certainly until surki mortar is 
analysed at different ages and tin* chemical action between the lime 
and tbe surki is known. At present our knowledge of such action 
is not extensive nor definite but we know that Hydrated Calcium 
Silicate and A human te are the main constituents of the filial pro¬ 
duct, and perhaps these form more quickly when the mortar is 
totally immersed. However, this test is of some practical import¬ 
ance as the briquettes in the wet sand represent the condition in the 
work better than those kept under water, masonry work under con¬ 
struction being only kept Avet with sprinkled water and never iin 
mersed. 

TESTING THE BRIQUETTES WHEN TAKEN OUT OF 
WATER, ANI) AFTER 24 HOURS DRYING. 

Briquettes taken out of the maturing tanks and allowed to dry 
for some time before testing require a greater load to crush than 
those remaining in water until required for test. This difference 
which is about 44% after a iveek, decreases quickly up to a fort¬ 
night, and then more gradually until it is 8% after three months, 
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and nil after a year, as shown by the graph Fig. 4, each point mark¬ 
ed on which is the average of seven separate samples, each of four 
briquettes. The rate of drying varies greatly according to tin* 
weather, the age of the briquettes, and the density of the mortar. 
It is preferable therefore, for the sake of uniformity, for briquettes 
to be tested immediately when taken out of tne maturing tanks. 

HEIGHT OF BRIQUETTES, 

Plate 3. 

Tests were made on Briquettes prepared from one batch of 
mortar and kept under similar conditions, but the heights of the 
briquettes were varied, thus, 2"x2" x2", 2" x2"xlf% 2" x2" x 1£", 
2 ,/ x2"xl£", and 2 , 'x2 // xl // . The graphs (Figs. 5 and 6) show their 
comparative strength. Each point shown with a circle is the aver¬ 
age of 16 briquettes prepared from four batches of mortar on four 
different days, there being 4 briquettes of each size from the same 
batch. The difference in the strength, between briquettes of vari¬ 
ous sizes, is great after a week, but decreases gradually until at the 
age of three months the 2"x2"xl" briquette is 1/98 times as strong 
as a 2"cube. The reason for this big difference after a week and a 
comparatively small difference after three months is not quite clear. 
But it is not surprising that the strength of a 2"x2"xl" block is 
about twice that of a cube after three months. In a cube the shear 
due to the load, develops fully and thoroughly as seen in B plate 5, 
whereas in a block of the same section but half the height, shearing 
stress develops completely only at the fringe of the briquettes, for 
about half an inch width all round, as seen in A plate 5. This 
portion fails thoroughly, leaving a hard core in the centre. This is 
evidently due to the friction of the adjacent surfaces giving it later¬ 
al support. 

Some engineers prefer to make the test briquettes of 2"x2 l, xV 
or 3 ff x3 ff xl£" or 4" x 4" x 2” Jiistead of cubes. Their contention is 
that joints in masonry are flat, and therefore a flat block will repre¬ 
sent them better. But pressure on masonry joints is not always at 
right angles to the joints, which are sometimes in shear, and bri¬ 
quettes should be prepared as cubes for the results to b^more in 
keeping with the actual stresses in the work. 

EFFECT OF BEDDING MATERIAL. 

Plate 4. 

The faces of the briquettes which are in contact with the plates 
of the testing machine mnst be flat, and as far as possible smooth, 
so as to distribute the load equally, to obtain satisfactory results. 
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it is seldom possible to obtain such a surface whilst making the 
briquettes, and it is therefore necessary either to plaster sub¬ 
sequently the top and bottom faces, or use some bedding material 
when testing. The essential requirements of a bedding material 
are: 

1. It should be rigid but sufficiently yielding to till the inequal¬ 
ities of the surface without flowing, and 

2. It should have sufficient strength. 

The bedding material should not be so soft or yielding as to 
collect in the depressions in the surface of the briquettes, as this 
will cause lateral tension. The second condition regarding strength 
is not very important, as any solid material in such a thin layer, as 
is required for testing purposes, will withstand the pressure it will 
he ordinarily called upon to communicate. 

It will be seen from Fig. 7 in which are given the results obtain¬ 
ed with various bedding materials, that plaster of l’aris gives the 
best results. It hardens quickly and presents a smooth surface, it 
is easy to apply and is not a costly material. A piece of paper, pre¬ 
ferably an oil paper, is placed on any plane surface, (a piece of glass 
is the best), and plaster of Paris, mixed with sufficient water to give 
a stiff paste, is spread over it, the briquette is then pressed down on 
to the plaster, after a few minutes the briquette can be removed 
from the plate and the other face treated in the same manner. 
Plaster of Paris not only gives better results than neat cement, but 
ran be applied just,a few minutes before testing, whereas cement 
plaster must be put on some days before, so that it may set and 
harden sufficiently. This may also necessitate the keeping of the 
briquettes out of water for some time. Portland cement mortar 
gives results which are second best and only 4-8% less than those 
obtained with plaster of Paris, and it would be therefore better to 
plaster the specimens with neat cement where plaster of Paris is 
not available. 

Mill boards come third in the order and give satisfactory re¬ 
sults. Single boards 1/16 inch thick give better results than three 
such boards. The reason for this appears to be that the three boards 
yield a f^tle too much, while a single piece yields less, but 
sufficiently to take up the inequalities of the surface and dis¬ 
tribute the pressure. The briquettes tested were 2" cubes and 
their surfaces fairly level. If larger cubes are used, or h 
the surface is very uneven, three boards give better results 
than one. When testing the briquettes without any bedding 
material, one set was tested on the sides, i.e., the sides 
which were adjoining the moulds when the briquettes were 
made were placed against the plates of the testing machine, another 
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set was tested in the same position as made. The idea was to take 
advantage of the smooth surface on the sides of the briquettes. 
From the figure it will he seen that the difference is only aboul 
fi-.T/;',. but the strengths of the different briquettes when tested on 
their sides were more uniform than when tested on end. 

Rubber insertion and mot or tube rubber give very poor results 
and much less strength than when no bedding material is used. In 
fact they give* only o0% of the strength obtained with plaster of 
Paris. The reason for this low result is want of rigidity. When 
applying tin* load tin* rubber is squeezed into the depressions on the 
surface* of the briqueltes anel collects lhe*re, and when further load 
comes on il cause's lateral tension with the result that invariably 
Ihe* briquettes cracked, with a leniel report, vertically into two oi 
(lues* pieces. 'Phis can clearly be se*en in F Plate ."5. The motor lube 
niblie*r was torn. while the* rubber insertion remained intact. All 
the.se luiquetles failed suddenly but the results were very cun 
sislent. 

r Plie* above tesfs were 1 carrieel on! with hriepieftes 14 da.'s olel ami 
made* of ccjncnl and sand in tin* proportion of 1 and 2. The s|><*<-i 
mens were* pre*pared in four lots, each be*ing testeel in the seve*ral 
ways mentioned abow. There* we*re four briquettes for each speci¬ 
men of betiding material. Tims each point given em the curve is the* 
average* of four separate lesfs with four briquettes for each. 

'Plie real strength of the mortar was about 300 tons per square 
fool, but to facilitate* comparison, the strength with plaster of 
Paris is assumed as 100 anel the either results are* re*due*ed corres¬ 
pondingly. 

SIZE OF THE S PEATMEN. 


Plate 4. 

The use of :F or 1" cubes is advocated by some engineers in pre¬ 
ference to 2" cubes as the size* of crushed stone useel as sand, general¬ 
ly in dams, is often o/8 inch or more, but this is only a matter of 
opinion and there is nothing to show that we do not obtain the real 
strength of the mortar by using 2" cubes. However, the difficulty 
of avoiding eccentricity in placing the specimen in the testing 
machine is greater in a 2" cube than in a 4'' cube, as the percentage 
of eccentricity due to any displacement of centre of the specimen 
fi‘om the centre of the hearing plates is twice as great in a 2” cube 
as in a V cube, and for this reason it may be preferable to have 
larger cubes, but when 30 to 40 briquettes, have to be made daily, 
and preserved, as is being done at Mulshi, where all the tests 
referred to in this paper were carried out, 2 ” cubes are more 
convenient as. they occupy less room than the larger ones. Also 
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l!" cubes require a machine of much smaller power for testing. 
These are only practical considerations, hut the graphs (Fig. S) 
reveal another interesting feature. 

It will he noticed that cubes show greater strength than 
cubes. Tin* difference which is about 11 1! per cent after 7 days 
increases to FI 0 per cent after 14 days, and then quickly drops 
to I T per cent after one month, ft is not possible to explain 
this very peculiar behaviour of the briquettes in the absence of 
a thorough knowledge of the chemical action imohed in the 
strengthening of the mortar as it ages. 


METHOD OF FILL!X<J TI1K Mol U>S. 

It is common knowledge, of all engineers that tupping tin* 

mortar into moulds hv means of am meehauienl conl]'i\anee or 

* » 

with any heavy tool, tends to increase the strength of the 
briquettes. Xo regular tests were carried out to ascertain the 
extent of increase in strength with lapping because there is no 
standard tapping .Machine or instrument, and the degree of tap¬ 
ping will vary with the person and the tool employed. 

For preparing the specimens for these tests, the moulds were 
Idled with mortar hv means of a trowel which was passed through 
the mortar vertically seyeral times. Then the mortar was tapped 
gently by a light piece of wood 1 inch square in section and 
about t foot in length. This lapping is not necessary for sloppy 
mortar, but when the mortal- is stiff (In* moulds cannot be tilled 
properly without a certain amount of lapping. 


PERIOD OF KEEPING THE PllIQIETTES IN WFT 
ATMOSPHERE BEFORE 1MALEKSIXH IN WATER. 


It is usual to release the specimens from the moulds l!l hours 
after they are moulded and then to keep them in a wet closet or 
under a wet cloth for another day or two. This is necessary, 
particularly, in the case of slow setting mortar as the 
briquettes will crumble if immersed in water earlier. During the 
course of my tests, 1 noticed that the longer the briquettes were 
kept in a wet atmosphere before immersion in water, the stronger 
they were, compared yvitli those immersed earlier. Put there is 
a limit (o this interval, after which there is no increase. I have 
not made tests to fix this limit definitely but hope to do so in the 
near future. I can say this much, that the interval, before the 
briquettes are immersed in water, which gives an increase in 
strength will vary for different kinds of mortar. It will he. 
shorter for a quick setting mortar, and longer for a slow setting 
mortar. 
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CONCLUSION. 

Some of the members may wish to know why I have not pur 
sued any of these tests beyond three months. This is due to the 
very limited time at my disposal for this sort of work, the tests 
recorded above being all carried out in spare moments. The 
extent of work involved can be> judged from the fact that over 
1.700 briquettes were prepared and tested to obtain the results 
recorded, but I trust that I have made out my case sufficiently for 
the necessity of standardizing the methods of preparation, pre¬ 
sen ation and testing of mortars. The application of load, and 
speed of applying should, of course, be also specified. I intended 
carrying out some tests on these, but have not I.ad tin time to 
do so. For the tests in this paper a rocking plate with a ball and 
socket joint was used between the bearing plate of the testing 
machine and the briquettes, and (he load uniformly applied on the 
rain at the rate of about l,0001bs. per minute. 

Before concluding I wish to say that my profound thanks are 
due to Mr. G. B. E. Truscott, the Resident Engineer, 
who very kindly permitted me to carry out these tests, 
and whose valuable advice and suggestions were always available 
to me. He also kindly helped me by testing some of the specimens 
when I was unable to do so owing to my absence on leave. 
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by the East Indian Railway Company, and at Allahabad and 
Dhaubad, and later on at the Port Commissioners’ Works in 
Calcutta-. The tests he recorded were all made -\\4th Sutna Stone 
lime in various proportions of soorkey, sand, ami cinders, to 1 of 
lime. Unfortunately his records give the tests of mortar briquettes 
after 0 months immersion in water and the chief fact emerging 
from his tests showed that after 0 months the mortar in some ol‘ 
tin* proportions was stronger than the brick itself. One inter 
esting fact was that 3 of lime to 1 of sand broke at 04 lbs. tensile, 
while 1 of lime to 1 of soorkey broke at 31b lbs. Another remark¬ 
able result was that a very much weaker mortar, namely, 3 of lime 
to 2 of sand and 2 of soorkey broke at 282 lbs., while 1 of lime and 
1 of sand and 3 of soorkey broke at 297 lbs. An engineer could 
therefore adopt either of these 4 to 1 proportions according to 
whether the sand or soorkey was the cheaper of the two, both of 
the mortal's l)eing found on actual test to be as strong as the 
brick itself. When cinders are used all ash has to bo screened off 
to get rid of the tine white dust and we find that, all unhurnf and 
partially unburnt coal lias to be removed by hand. The cinders 
are then ground fine enough to pass through a horizontal screen 
of 400 meshes to the square inch. The miburnt and partially 
unburnt coal is removed by women and children who actually 
scramble for it, and in fact ash picking vendors generally come 
forward offering to pay a purchase price for such. 

The Chairman agreed with the Author that some, definite 
arrangement should be adopted for each test. At King George's 
Dock we keep each briquette 4 days in a damp box (1 day flat in 
th& mould, 2 days on edge in the mould and the 4th day out of 
the mould ), on the 5th day the briquette is placed entirely under 
water and kept there, for another 24 days, making 28 days in all. 
The air in the damp box is kept moist by a blanket, of thick felt, 
with its edges soaked in special water troughs. The mortar is 
taken direct from the vats. Jn spite of this uniform method of 
testing briquettes out of a random number of 340 tests the best 
tensile test per square inch after 28 days was 115 lbs. and the 
worst was 31 lbs. for a mortar consisting of 1 of lime, 1 of soorkey 
and 2 of sand. Tn another case taken at random of 14 tensile 
tests of neat lime after 28 days the best was 288 lbs. and the wctfjst. 
52 lbs. In another random case of 305 crushing tests the best 
test of the inortar (consisting of 1 of lime, l of soorkey 
and 2 of sand) was 115 lbs. per square inch and the worst 
was 39 lbs. 

An objection to the use of cinder mortar is the length of time 
if requires for setting. Nearly every engineer 1 have spoken to 
regarding tests of lime mortar have all had more or less Hie 
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same extraordinary diverse results, and ou tliis account alone 
Air. Krislmamurtliy has unquestionably made out a case for some 
definite method of test standardization. 

Mr. Richardson remarked that while he appreciated the 
amount of work involved in making the experiments on which the 
paper was founded lie did not consider that the expenditure of 
time and money that will lie required to lay down standardized 
lesls for lime mortar would he justified. 

The manufacture of materials used in lime mortar ( lime, 
soorkee, ele.), cannot lie standardized. The engineer has generally 
to use wlmt lie can obtain locally. The actual strength of lime 
mortar is not of much practical importance; all that is necessary 
lo know is that the mortar will set and this can he determined 
Iiv simple experiments at the site of the work. 

lie agreed with Mr. Me (Hash an as to the results of 7 days' 
test being conflicting and giving no real indication as to the future 
Indiaviour with the mortar. He referred to a case in the Darjeeling 
district where tests after a month, seemed to indicate that a 
mortal- was worthless, which was found to he first class; so good 
in fact, that there was considerable difficulty in dismantling some 
of the masonry, in which it was used, when modification of the 
plans rendered this necessary. 

He considered the experiment on the time from grinding to 
moulding to he of practical importance, quite apart from any 
question of standardization and said that tests he made on these 
limes himself, gave a similar result. If anything an increase of 
strength was found when the briquettes were moulded after 
mixing; this being probably due to obtaining denser briquettes 
owing to some of the excess water having evaporated. 

Practically, all specifications provided that lime mortar should 
be used on the day when mixed; but even with vigilant super¬ 
vision it is impossible to secure this being done and it will 
probably be a- relief to engineers if they realize that there is a 
large margin of safety in this matter. He agreed that it would 
not be safe t.o use mortar more than fhree days old but it is 
generally the use of yesterday's mortar which it is impossible to 
prevent. Probably the safe limit is reached when water has to 
he added as fhe drying of the mortar may indicate that setting 
has commenced. 

Mr. Atkins remarked that he was much interested by the 
subject matter of the paper, but still more so by Mr. McGlashan’s 
description of tl^ experiments made with different kinds of lime 
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mortar by the Engineering Department of the Calcutta Port 
Commissioners. His own experience was similar to that of Mi*. 
McGlashau in that he had found that it was useless to place any 
faith in tests of lime mortar briquettes less than 28 days old. 
After experimenting with many different mixtures of lime and 
cement he had arrived at the same proportions as had been found 
successful in Madras by Mi*. J. TV. Madeley, namely, 1 part of 
cement, 1 part of stone lime, 14 parts of soorkev and 6 parts of 
sand. This mortar gave approximately the same results as a 
mixture of 3 parts of ghooting ( Kunlun* ) lime and 2 parts of 
soorkey which had been occasionally adopted in Calcutta as a 
substitute for cement mortar for brick sewers. The objection to 
using ghooting lime in Calcutta was the difficulty of obtaining it 
freshly burnt. The combined mortar above described had sufficient 
cement to give it a fairly rapid initial set, which safeguarded the 
mortar against disturbance while the lime was developing its 
strength. 

Mr. A. V. Harvey —1 think Mr. Krishnamurthy has done some 
\ery useful work in connection with Mortar Testing and all 
engineers in India, who are interested in that subject, must be 
grateful to him for what he has done. He has undoubtedly spent 
a great deal of time in carrying out tests under varied conditions, 
and must have spent even more lime in tabulating and analysing 
the results of the tests and in converting them into graphs so as 
to make a comparison of the results of similar tests easy. In fact 
most of the graphs show at a mere glance exactly what Mr. 
Krishnamurthy wished to impress on his readers. 

2. I must admit that I bad no idea before I read this paper 
that the results obtained by testing briquettes of mortar could 
be affected to such a very marked degree by using different kinds 
ot bedding material. Nor did 1 realise that., if I were comparing 
results I had obtained with those obtained by someone else at 
some other time, it would be essential to know r whether he had 
matured his briquettes in water or wet sand, and also whether 
he had tested them a few minutes or some hours or a whole day 
after removing them from the water. There can be no doubt that 
it. was necessary to draw attention to the fact that mortar testing 
should be carried out in accordance with definite principles and 
recognised rules, if engineers as a body are to benefit by each 
other’s labours in this connection. 

3. Unfortunately, although I think very highly of the work 
done by Mr. Krishnamurthy and am grateful to him for what he 
has done, I cannot help feeling that his Paper fftlls just short of 
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being really useful, because he has failed to follow his investi¬ 
gations to their natural conclusion by drafting proposed standard 
rules governing the procedure to be adopted when testing mortar. 
He lias recognised the necessity for some such standardization 
and has suggested to our Institution that a standard should be 
laid down. I consider that he should have gone a- step further 
and himself suggested a standard for acceptance by the Insti¬ 
tution, after any miuor alterations that might be considered 
necessary by the Council or a Committee appointed by them. 

1. I have two reasons for regretting that Mr. Krishnamurthy 
did not suggest some standard procedure. The first is that, if he 
had done so, I feel sure that the majority of engineers in India 
would have adopted his standard for want of a better one, in 
ease the Institution did not take up the matter and lay down any 
official standard. That would have ensured a certain degree of 
uniformity, whereas in the existing ciie.umstances those engineers, 
who are interested in the matter, will each have to draw up his 
own standard procedure after reading this Paper, and I am afraid 
there will be no uniformity in the procedure adopted by indivi¬ 
duals at their own discretion. 

r». My second reason, for wishing that this Paper had included 
definite suggestions by the author, is that in all eases of drafting 
standard rules, procedure, specifications, etc., there are invari¬ 
ably two stages, namely, the spadework and the finishing touches. 
The former is what it is always most difficult <o get done, and I 
think it. was up to the author to do it in this case. If he had done 
it, it would have been a comparatively easy matter for the Insti¬ 
tution to have put the finishing touches. It would not have 
involved much more than calling for opinions and criticisms from 
half a dozen members of a suitable Committee and co-ordinating 
the replies received. I trust that the Council of the Institution 
will eventually call on Mr. Krishnamurthy to do the spadework, 
and will follow" it uj> by appointing a- Committee to apply the 
finishing touches, so that we might have a recognised standard 
procedure in future. 

Mr. E. (}. Lazarus .—Would the author be good enough to 
amplify his charts by specifying the dates on which the “ four 
different ” tests were made and if possible give what he considers 
would be possible test results for other months in the year. Data, 
regarding temperature and humidity would increase the value of 
the charts. 

Mr. It. D. N. Simhiim .—In a Paper of this kind it would be 
always beneficial to furnish complete details of the figures obtain* 
ed, so that, tin*, range of variation of the figures from which 
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averages have been obtained, may be clearly seen and the efficiency 
and reliability of the results may be judged, before any remarks 
can be made on the graphs drawn with such average figures. 
Also, complete and detailed descriptions of the manner in 
which mortar briquettes were prepared, for every kind of test 
carried out, and the time or period taken for each operation 
until the specimen are brought to the testing platform, would be 
neoessa ry. 

The author’s curves illustrating the compressive strength of 
mortar under different conditions of preservation, curing, wetting, 
etc., are interesting and a. brief review of the facts which they 
tend to show actually, will be made hereunder, following the order 
adopted by the author. 

In order (o judge tin* deductions made by the author from 
Plate I annexed to his paper, it is necessary to know whether 
sufficient time was allowed for slaking of lime before using the 
same in mortar or whether the author considered that complete 
slaking would have taken place when the grinding operation was 
carried out: whether the mortar preserved after grinding, was 
protected from the atmospheric C0 2 or was left exposed to the 
interaction of air, but only kept in a cool place and damp by water 
sprinkled at intervals, what time the mortar was allowed to 
remain in the mould before immersing in water, what time was 
actually taken to mix mortar in the first instance, whether the 
briquettes were tested as soon as taken out of water in all the cases 
or after 21 hours aeration, etc. T think depending upon these 
conditions the results should lx; reviewed. Otherwise the deduc¬ 
tions made are likely to he misleading. I would therefore like the 
author to furnish complete particulars as would be useful 
to all who may have the privilege to study the results of his 
researches. 

With regard to the fall in strength of mortar, I cannot agree 
with the author’s conclusion that the cause for such behaviour 
should be * disturbance of initial set.’ The weakening of the 
mortar may be due to the fact that the mortar kept for one day 
and more was not preserved from atmospheric interaction. By 
mortar being exposed to atmosphere the carbonation of lime 
should have taken place, which in its turn must have retarded 
and partially prevented the formation of calcium aluminate and 
silicate which alone go to constitute the strength of hydraulic 
mortars. Perhaps mortar that is preserved from atmospheric 
interaction will show different results altogether and the compres¬ 
sive strengths may not be decreasing in a. manner shown in 
Plate I. 
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Method of curing .—The author uses the. word preserving for 
‘curing.’ There are several ways of hastening the. complete forma- 
lion of the hydrated chemical compounds in a mortar set. Suffi¬ 
cient water should be provided in the first place to facilitate 
chemical interaction. Depending upon the proper supply of water 
for hydration of the lime present in the mortar hastening of the 
formation of regular crystalline structure is brought about. So 
that it would appear, that when test briquettes arc allowed to lie 
exposed to moist atmosphere without any wetting they will take a 
comparatively longer time to gain their maximum strength, as the 
rate of absorption of moisture .sufficient, for the chemical interac¬ 
tion can be only very slow; in dry atmosphere, the mortar cannot 
obviously obtain from tin* air any moisture, but on the other haud 
will loose its own water content and thus mortar cannot attain its 
due strength though it may be kept for an indefinite time. In a 
wet condition the rate of absorption is improved and the chemical 
interaction goes on without, interference. In an immersed condi¬ 
tion under waiter there is likely to be the same hastening of tin* 
chemical interaction, blit in my mind it is doubtful whether mortar 
that is kept uniformly in a wet condition is not superior to mortar 
kept completely immersed in water, for similar ages allowed for 
i he maturing of the mortar. In the la I ter, there is likely to he 
some weakening of the chemical inleraetion due to the presence of 
more water than what is actually required for setting and streng¬ 
thening of mortar. But the author seems to prove an entirely 
different, fact. 

Moisture vs. strength of Mortar.— The Jesuits illustrated in 
figure 4 by the author in my mind establish very important facts, 
viz., (i) Tlie strength of mortar depends upon wefness condition or 
the waiter borne state or the moisture, retained in the mortar. 
When excess waiter is present the mortar is less dense and conse¬ 
quently cannot support the full load, (ii) As the age of briquettes 
increases the moisture that can be retained bv mortar or the 
wetness condition of mortar becomes reduced and in consequence 
the difference, between the strengths of mortar after 24 hours 
aeration and as soon as taken out of waiter, becomes minced. 

Tlie neglect of the proper drying out or aeration of mortar to 
eliminate excess moisture is a frequent cause of its wreakness and 
lo ensure satisfactory strength, propel aeration cannot be too 
strongly insisted upon. 

A certain amount of moisture in the mortar is quite essential 
to maintain it in a condition w r hen it can support the maximum 
• Histone load. The cum of strength m. aeration period, or 
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strength vs. moisture in mortar will be as diagramatically 
represented in <lie marginal figures. The* proper method of 
conducting the test would be to calculate the percentage of water 




contained in mortar and find a relation of same to strength. Such 
a relation would determine the power of mortar to support load 
under different moisture or wetness conditions. 

The above facts lead me to believe that briquettes tested im¬ 
mediately after taking out of the maturiug tanks would not'Suffi¬ 
ciently demonstrate the quality of mortar under peculiar conditions 
existing in nature. Ver^ often mortar crumbles down under dry 
atmospheric conditions at a Wry low loading. 

Size of Briquettes. Provided we know in the first instance the 
law relating to strength and bearing area and depth of mortar, it 
would be immaterial to standardize the size of the test specimen. 
The graphs furnished bj' the author in Plate ITT are sufficiently 
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instructive in this regard. A general relation that seems to exist 
for any particular age of mortar may be deduced as 


Maximum crushing load = —— - ns l ? - P* .. x 

Height" 


kA 


m 


, where k 


is a constant depending upon the age of mortar and might represent 
the crusliiug load when the block tested be one inch cube, ni 
depends upon the evenness of the surface of bearing of the blocks 
and the eccentricity of the block axis and load axis and varies 
from (V5 to 100, and n depends upon the compactness or angle of 
sliding and consequently upon the age of mortar. 


When k, A and in are kept constant, then the ultimate crush¬ 
ing load would be Inversely proportional to d n . This is more or 
less illustrated by the curves given by the author. 


I»y extending the same law for tin* curves arrived as stated 
above, the probable ultimate crushing loads may he calculated for 
mortars of thickness less than 1 inch. Assuming approximate laws 
to exist, the following values for crushing strength (per square 
inch) may be calculated: 
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These results point out certain peculiar characteristic behaviour 
materials under crushing stress and it seems necessary that 
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elaborate experiments should be carried out to find out how far 
the curves follow a definite law or laws that seem to exist between 
crushing strength and size ol‘ specimen blocks. • 

In the accompanying graphs the relative strength of briquettes 
or blocks have been illustrated in a manner which would be useful 
for study of behaviour of mortar. The same values adopted by the 
author in his figures, have been used in these. Taking the vase of 
1)0 days aged mortar the crushing strength per square inch, when 
its thickness is .{ inch is likely to be as high as 7880 lbs. which is 
four times the strength per square inch when the thickness is 
1 inch. 

Owing to the unevenness of the end surfaces, there is difficulty 
in allowing the crushing to take place entirely over the section of 
the testing cube. It is on account of this that a. compressive test, 
is not generally preferred to a tensile test. But it is a very 
eoinmon practice to put the material to be tested in compression, 
in some plastic, bedding. Plaster of Paris is the most usual 
material employed in this way for mortar testing. The occurrence 
of the well known double pyramid shape given l>y mortar com¬ 
pression test cubes on crushing is a clear indication that the strain 
is taking place in such a case in a perfectly equable manner. 

The only thing that sometimes happen is, that by adopting 
the shape of cubes on tlie specimen, the corners generally yield, 
first owing to the want of lateral support and therefore it seems 
necessary to make tests with cylinders instead of cubes. More 
uniform compressive results might be obtained with briquettes of 
cylindrical shape. 

A detailed study of the relative effect of different end condi¬ 
tions would be of great value. Such study would lead to the 
establishment of some suitable standard method. 

The nature of the bedding material, the force of friction, the 
lateral thrust developed in the bedding material when subjected 
to compression are factors which contribute to the weakness 
exhibited by mortar. With loose or elastic bedding material there 
is likely to develop two stresses as determined by Prof. Rankine 
expressed by the relation P1/P2 where PI is the vertical force 
and P2 the horizontal force which is assumed to be less than PI. 
Tlie. horizontal force induces in the material a tensile stress, 
which we know in the case of mortar should be much lower than 
compressive stress. This explains why mortar fails under a very 
low load when the bedding material is plastic or loose or very 
elastic, 
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Sometimes the bedding material assists the mortar, to support 
a higher load than what it would he capable of bearing by itself. 
When the specimens are under stress their edges tend to move 
away from the centre, but the bedding material resists this move¬ 
ment and in this wav becomes an external force helping the 
mortar to bear high resistance to crushing. A wet coating of 
[Master of Paris or cement would permit the mortar to slide very 
much more easily than does a dry or set coating. Again the 
friction of the bedding material would tend to resist the lateral 
thrust developed in the sj>ecimen with the result that if the fric¬ 
tional resistance exceeds the compressive strength of the mortar 
;i compression failure will result early. 

Inasmuch as other factors other than pure compression enter 
into mortar strength, tests of tensile and sheer strengths of 
specimen should be also conducted. Detailed study and careful 
experimentation anrl analysis, and proper interpretation of the 
results of testing are required to develop limitations and to 
suggest modifications in existing practice and standardization of 
methods of testing. 

The author is to be congratulated on the paper which is indeed 
useful in showing the various elements entering into the strength 
proj>erties of mortar. 

Mr. P, Nalcsa Iyer —The author points out in the first two 
paras of his paper the spasmodic methods adopted for testing lime 
and mortar by Engineers in this country, the difficulty experienced 
to get their results correlated due to each having adopted his own 
methods of testing, and the consequent desirability if not the duty 
of this Institution of this country to take up the task of standard¬ 
izing the methods to lie adopted for testing. 

1 strongly support the author in this and I would suggest 
standardizing committees being appointed by the Institution for 
such work, not only for dealing with mortar testing but for testing 
of all materials used on Engineering constructions in this country 
a>s in other countries instead of slavishly adopting the standard 
specifications of other countries without even examining their 
suitability to our country. It may be argued that it may not be 
necessary to traverse the same ground of testing materials which 
do not change their conditions in different coutries, for which 
such specifications as are international may be used, but before 
doing that, it is better that the various items of specifications of 
foreign countries proposed to be adopted are examined and classi¬ 
fied as (a) wholly suitable or international (&) suitable by adopting 
a “ factor ” or “ eoeft.” to suit conditions of this country, {c) 
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wholly unsuited and (d) items not in the foreign specifications but 
which find special application in this country. 

For item (a) foreign specifications and testing rules may be 
wholly adopted with certain reservations regarding the effect of 
temperature, etc. 

For item ( h) tests should be carried out in this country to find 
out of the “ factors ” or “ coefts.” to be used. 

Items coming under classification (c) should be ignored. 

For items coming under classification ( d ) experiments on 
standardized basis should be carried out and standard specifica¬ 
tions and testing rules drawn up for these. 

The institutions are financed to some extent for such works 
by the respective Governments in other countries. I do not see 
why our Institution should not approach the Government to con 
tribute for this useful work. 

Itoughly speaking, materials to be tested come under two 
broad classifications:— 

1. Materials employed on a large scale for engineering manu¬ 
factures and 

2. Materials of local importance that may be more econo¬ 
mically used than manufactured materials in Engineering works. 

ltegarding the first, Manufacturers as well as the users are 
interested in the testing of the materials; the former in ascertain¬ 
ing the qualities of the materials in order to be advantageously 
used for manufacture and in getting the best qualities of manu¬ 
factured materials at the cheapest possible cost to command a 
flourishing sale in the market; the latter confine their testing to 
the specified strength of the materials supplied by the manufac¬ 
turers and to see if they are suitable for the work on hand. 

Materials of local importance if proposed to be used on works 
have to undergo all the testing of manufacturers as well as users. 

Tt may not be difficult for the Institution to prescribe standard 
specification^to be adopted by the manufacturers or users if the 
following methods be adopted as is being done in other countries. 

(1) Provide specifications and testing rules for different mate¬ 
rials with regard to their innate strength sueh as tensile, com¬ 
pressive, etc., independent of the conditions under which they are 
used. 

(2) to determine and specify “ factors ” for the strengths of 
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The first is purely based on laboratory work and it will be 
imperative for the Institution to have a laboratory of their own 
as Institutions of the other countries have. The 2nd involves 
work both in the laboratory and in the field or if models based on 
field conditions can be made in the laboratory itself, it can be to 
a great extent attended to in the laboratory. Such a laboratory 
will have to Ik; very large, and it may be better to leave such work 
to be done in the manufacturer’s shops or laboratories or in the 
field of work. Determination of such factors is very important 
especially in such cases as the use of lime or cement mortar for 
civil engineering works, more so in masonry dam constructions, 
where the actual conditions within the dam body can only be 
vaguely visualised but cannot be even approximately ascertained 
by any direct methods. Merely testing the mortar briquettes 
under varying conditions of atmosphere or under water may give, 
only the innate strengths of mortar for such conditions of setting 
under exposure to dry air, wet or saturated air or under water. 
The effect of horizontal and vertical pressures dne to water 
pressure and such overload as comes on the elements of mortar in 
the body of a dam cannot be considered in briquette tests; nor 
is it known under what condition the consistency of masonry is 
in the enclosed body of the dam, whether it is in a plastic condi¬ 
tion or in wet condition, nor can briquette experiments indicate 
anywhere near the actual conditions of strength if such materials 
are laid in the body of masonry and subject to the surrounding 
intensive pressures unless the dam gives way, aud enables us to 
procure samples for testing, or unless some such methods as the 
following are adopted :— 

1. Testing of briquettes under varying conditions and direc¬ 
tions of pressure, as are likely to be met with in dam. 

2. Making of big sized samples keeping them under the ex¬ 
pected dam p]*e.HHiires for a reasonable time, removal of the pres¬ 
sures and testing of small briquette samples taken from almost 
the centre of the big sized samples for their plasticity and 
strength. 

3. Making of small dam models with aggregates propor¬ 
tionally sized and used and tested at different sections. The above 
and other such suitable experiments to suit the expected pressures 
and conditions of the proposed dam will give factor or “ coefts.” 
to be multiplied to the values of strengths obtained from briquette 
tests and used with a greater degree of certainty for dam design 
than the indefinable or indeterminate so called “ factor ” of safety. 
It may be the work of scientists to ascertain the properties of 
materials, but it is for the Engineers to ascertain the factor* to 
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be used for employing the materials to the existing conditions, 
with safety. 

So standardization of specifications for testing • should be 
framed with a view to correlate the results of laboratory tests of 
the Scientists to the actual conditions and determine “ factors ” 
to be applied. The time factor is also one of those that comes to 
play prominently between the time of sample testing of material 
and its use on work, as during that interval the condition of 
material changes due to partial setting or drying in air. There 
i« also the “ diversity factor in the proportion of materials used 
on work which cannot be as rigorous as that used for laboratory 
work. There is also the time factor (1) in the grinding of mortar 
and in the time taken for use after grinding (2) in the period in 
which the mortar laid on the darn was exposed to weather before 
the next layer is laid on it. 

There is also the other indeterminate factor of the rate of 
growth of load on the layers of masonry and its effect on the 
setting or resistivity of the material to such stresses. 

So if experiments are carried out on well defined lines bearing 
the above in mind, to ascertain the different factors and if these 
results are correlated, it may be possible to draw up specifications 
for the execution of dam works, stipulating time limits for 
progress of different details of work, selection of material, etc. 
The Institution should formulate preliminary rules for such tests 
after discussion and circulate the same not only to the members 
but to the Government and the local bodies and undertakings con¬ 
cerned with construction works. Such a procedure is all the more 
necessary in the case of mortar tests as mortar is a commodity 
very largely used for construction works both public and private 
ir this country. 

There are only a few observations that I desire to make on 
the tests carried out and produced in the form of graphs. 

The first is that only inferences can be drawn from the graphs 
such as from Figure 1 and 2 and freshly used mortar has a greater 
crushing resistance than mortar left unused for some time and 
then used; that mortar air dried after removal from water or 
wetting increases its strength and that a mortar briquette of half 
the thickness gives more than twice the strength of mortar 
briquette of the same thickness as width and give in 7 days more 
than the strength of the latter briquette of 90 days’ life of setting. 

With regard to the second inference X would advise the process 
of alternate wetting and drying in shade of samples and the study 
of such samples to see the effect of setting under such conditions; 
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with regard to the 3rd inference I do not know if such relations 
will hold for bigger sizes and especially to thicknesses of 6" and 
more. If experiments give such favourable relations it will be 
useful for specifying the thickness of layers*of concrete to be laid 
on dams. There is also one other inference that may be drawn 
from it, i.e.f that for quick construction of dams it takes a longer 
time for lime mortar to set than cement mortar and consequently 
the intervals between layers is longer. 

Mr. Nataraja Iyer —The paper in question has made out a good 
case for standardising the preparation, preservation and testing 
of mortar specimens; but the methods suggested for these apply 
only to hydraulic mortar and not to fat lime mortar and the 
name of the paper might have been more appropriately qualified 
as hydraulic mortar testing. The reason is due to the important 
difference in the setting properties of hydraulic lime mortar and 
fat lime mortar. The former sets under water or in the presence 
of water and does not require the presence of air for its setting, 
the chemical action involved being rather complex with the 
formation of Hydrated Calcium Alumina to and Silicate, the 
former constituent being responsible for the initial setting of the 
mortar and the latter for the final setting. The clayey constituent 
of the hydraulic lime contributes to the formation of Aluminate 
and the sandy constituent to the formation of the Silicate with 
fat lime mortar; the setting is due to the desiccation of the 
mortar accompanied by crystallization of the resulting calcium 
carbonate which is formed by the chemical combination of the 
calcium hydroxide of the fat lime with the atmospheric carbon 
dioxide. For this formation of this calcium-carbonate, the simul¬ 
taneous presence of both air and water is essential. The more 
slowly the process of desiccation and crystallization is allowed to 
occur, the better would be the hardening result. The above 
accounts for the fact that with fat lime mortar, the setting never 
occurs when the mortar is under water and requires the spraying 
of water. It is common experience with Engineers that when, in 
building masonry of fat lime mortar, the top course is edged with 
mortar and covered with 2 or 3 inches of water, the mortar under 
the water never sets till the depth of the water reduces to about 
half an inch. 

2. The ordinary or commercial lime is of widely differing 
qualities, the shell lime being almost wholly of fat lime 
while the Kunknr lime or lime from limestone contains varying 
percentages of the hydraulic ingredients. With, most of the 
ordinary lime mortars in use, what takes place during this setting 
is a combination of both the processes described above for 
hydraulic and fiat lime mortars.. When a lime is not sufficiently 
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hydraulic for a particular purpose say as in watery situations, 
it is rendered hydraulic by adding surki to the lime. 

0 

3. Referring to plate 2, figure 3 of the paper, it is shown how 
the curve of strength for briquettes kept under water is higher 
than the one for briquettes kept in wet sand. This phenomenon 
Mill be reversed with mortar of lime containing little or no 
hydraulic ingredients. It must be realised that a large proportion 
of the masonry structures which are actually being built are of 
mortal* of fat lime, i.c., lime with little or no hydraulic properties. 
To such mortar the methods of preparing, preserving and testing 
of samples would, as explained above, not be applicable and other 
methods will have to be devised and it is clearly not within the 
province of the present discussion to go into the details of these 
methods. 

The, Author'd reply —1 am glad that such a distinguished 
engineer as Mr. McGlashan agrees that 1 have made out a case for 
the necessity for the standardization of the method of testing 
mortar. Huge quantities of lime are being used every year in this 
country for constructional purposes, anti yet Indian engineers 
know very little about their qualities, especially in conjunction 
with other materials such as surki, cinders, etc. Tests of lime 
mortars have been, and are being, carried out on many important, 
works, and yet these cannot be compared to tiud out their relative 
merits, as the methods by which they are tested have no common 
basis. 

I agree w ith Mr. McGlashan that tests after 7 days or 14 days 
are not altogether reliable, and that tests after 28 days should be 
preferred. That is so in cases where mortars of different com¬ 
positions are to be compared, but when the cementing materials 
such as hydraulic liine, or lime and surkhi, etc., from the same 
sources are used, and the proportions of the different ingredients 
are the same, as is generally the case in big works, tests after 
7 days give a fairly accurate indication of what the mortar will 
be like when it ages. It is also necessary to have tests made at 
as short a period as possible so that engineers may liave an idea 
of the mortar that is being used in their work, tests after a long 
period make it too expensive to allow work done with a poor 
mortar to be rectified. 

As has been pointed out by Mr. McGlashan, a quick setting 
mortar may show a higher strength after a week, but may show 
only equal or lower strength after a longer period. It is therefore 
advisable to rely on tests when the sampled have matured for at 
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least one month when mortars of different composition, or con¬ 
taining different limes, are being compared. In fact, I am so con¬ 
vinced regarding this, after the large number of tests carried out 
by me, that for a series of comparative tests I am now making 
with lime and surkhi mortars I have entirely omitted the 7 days’ 
and 14 days’ tests and have taken a month as the minimum period. 

With regard to the remarks of Mr. Richardson, I have to say 
at once that he seems to have misunderstood entirely the purpose 
of the paper. He says that the actual strengh of lime mortar is 
not of much practical importance. Probably he has had to deal 
only with small buildings where very low pressures are met with 
and possibly he was thinking of such erections when he made that 
statement. I have not concerned myself with such buildings but 
had in view engineering structures such as dams, bridges with 
large spans, etc., where often high pressures of as much as 10 to 
15 tons per square foot have to be considered, and during the 
construction of which regular tests of mortar are made to ascer¬ 
tain the mortar iN up to the designed strengh. 

Mr. Richardson says that all that is necessary to kuow about 
lime mortar is that it will set. Nothing is further from the truth 
and I really am surprised that an engineer should make such a 
statement. I can show Mr. Richardson any number of samples pf 
mortar which would set and yet be absolutely unfit for use on 
important structures where high pressures have to be withstood. 
The fact that a mortar sets is no guarantee of its strength 
whatsoever. 

Mr. Richardson says that the expenditure of time and money 
which will be required to lay down standardized tests for lime 
mortar would not be justified. He adds that the manufacture of 
lime and surkhi cannot be standardized and the engineer has 
generally to use what he can obtain locally. Again be evidently 
has not understood the object of the paper. 

I have neither pleaded nor even suggested that the materials 
used in lime mortar should be standardized, and cannot conceive 
any engineer doing so, nor that lime and surkhi mortar should 
only be used. I used this class of mortar for the purpose of pre¬ 
paring my paper as it is the mortar that is being used on the works 
on which I am engaged, equally satisfactory mortars can be 
obtained by using an hydraulic lime in lieu of surkhi and fat lime. 

I thought I had made this point clear in the third para of the 
paper. What I have, however, proposed is, as Mr. McGlashan has 
stated, that all lime mortars, from whatever materials they may 
have been prepared, should be tpsted under a standard method, so 
that the strengths of the different mortars used on vaj&ops ; 
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important works may be comparable and all variations and uncer¬ 
tainties due to the different methods now adopted in preparing, 
maturing, and lesting samples may be eliminated. Iy the paper 
T have tried to make out a ease for standardization by showing 
the wide variations in strength tiial eau be obtained with the 
same mortar when it is tested under different methods, mosl of 
which have been used by various engineers. 

It is only to save time and money aud not to spend more, 
that 1 have suggested that the Institution fix a standard method 
of testing, for if is only with such a common standard we can 
compare the strengths of mortars and so save time aud money 
by eliminating all other methods. 

To make the point clearer let me state an example. Suppose 
one engineer says he is using a mortar showing a strength of 
TOO tons per square foot after one year, and another engineer says 
that he is using a mortar which shows a strength of SO tons per 
square foot after the same period. We cannot be certain that the 
first mortar is stronger than the second until we know, 

I. Wherefrom the samples were taken in both cases, 
whether from the actual work, or directly from the 
mortar pans or whether prepared in a laboratory. 

* 2. Whether the briquettes were moulded as soon as the 

samples were brought to the laboratory, or whethei 
the mortar was allowed to stand for sometime before 
moulding, thus allowing some of the water to eva¬ 
porate and the mortar to get stiller. 

ft. What was the consistency when moulded. 

4. Whether the mortar was rammed into the moulds or 

simply pressed in. 

5. How the briquettes were preserved after moulding. 

<>. Whether the briquettes were tested wet or dry. 

7. What, bedding material was used. 

8. Of what shape and size the briquettes were made. etc. 

It is only on t he above points 1 have suggested to the Insti¬ 
tution to fix a standard and it will be readily seen that sncli 
standardization involves little or no expense. 

Without information on the foregoing points no comparison 
of mortars can be made. We tlms lose much of the value of the 
tests carried out by our predecessors or contemporaries. It is in 
order to enable engineers to get the benefit of the tests that are 
being carried out by others and thus save time, labour and money 
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which would otherwise have*to be spent on independent and 
speculative research, that l have pleaded for standardization of 
the methods of tests, so that we can have a definite idea of the 
results obtained by different engineers. To make the point still 
clearer, 1 may say that if l am given any sample of mortar I can 
prepare two sets of briquettes and treat and test them in two such 
different methods, each method being that used on egineering 
works, but the strength of one set will differ from that of the 
other by as much as 50 per cent, or 00 per cent. 

Regarding Mr. Atkins’ comments, these are outside the scope 
of the paper, but. I would say that, it is no new thing to use 
ordinary lime mortar gauged with cement, tin 1 only difficulty in 
(his country being that it must be used quickly to get the best 
results. J have complete a series of tests of lime mortar ganged 
with varying quantities of cement for comparison with ordinary 
lime mortar and hope, to include the results in a further pa|>er 
on the design of lime mortar. 

I trust that most of tin* members will agree as to the 
necessity for standardizing the methods of testing lime mortar 
and that the; Institution will move in the matter. 

In reply to Ml*. Harvey, l wish to say that I did not draft 
standard rules for the procedure to he adopted when testing 
mortar, as J wanted to Leave this work to be done by a Committee 
of the Institution after taking evidence from other members who 
have knowledge of the subject.. 

However, as Mr. Harvey desires that l should suggest the 
standard to be adopted, I would mention the following rules as, 
in my mind, most suitable and these may be altered by the Insti¬ 
tution agreeably to the views and expressions of other eminent 
engineers engaged or interested in the subject. 

1. Mortar for test on important, works shall be taken directly 
from the work and not prepared in office nor taken out of the 
grinding pans. 

2. Mortar shall be moulded into test briquettes as soon as it 
it is brougth from the works and without adding water or letting 
it dry. The time from taking of the mortar to moulding shall not 
exceed one hour. 

3. Mortar shall ordinarily be tested to destruction in com¬ 
pression and where tensile tests are preferred, these may be done, 
if possible, in addition to compressive tests. The briquettes shall 
be cubes preferably 2" in size, and moulded in metal moulds of 
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correct shape placed on a level metal base. The top face of the 
briquettes should be finished smooth and level by means of a trowel. 

4. While filling the moulds mortar may be pressed by fingers 
to ensure proper filling, no mechanical tapping being allowed. 
When the moulds cannot be properly filled by pressing with fingers, 
the mortar may be tapped by means of a light piece of wood. 

5. The briquettes shall be released from the moulds after 124 
hours and shall be immersed in water and kept there until required 
for test. If the briquettes will not hold under water after 124 hours 
and will crumble, they may be kept in a moist atmosphere for the 
minimum period necessary to enable the mortar to harden suffi¬ 
ciently and remain intact under water. 

t>. Briquettes , shall be tested wet as soon as taken out of 
water. 

There are two other chief points on which the Institution will 
have to express itself (1) The use of a rocking plate to give proper 
bearing to the briquettes, take up any inequality in its shape and 
ensure central application of the load, and (2) The use of a suitable 
bedding material. Opinion will differ on this second point. Those 
who test only a few briquettes occasionally will like to face these 
with cement or plaster of Paris whereas those, who have to test a 
large number of briquettes daily as it is being done here, will 
prefer the use of mill boards and I have been using only mill boards 
as they are convenient and require very little time. Also there is 
only a small difference between the results obtained with mill 
hoards and those obtained with cement plaster. 

No reasons are .stated here in support of the rules mentioned 
above, as such reasons are sufficiently indicated in the paper and as 
I wish to be brief in the reply which is already lengthy. 

In answer to Mr. Lazarus, elimatic conditions have no doubt 
some effect on the strength of mortar but the subject has not been 
studied sufficiently to offer definite conclusions. It is known, how¬ 
ever, that mortars matured under higher temperatures show 
greater strength than those kept under lower temperatures. This 
question of the effect of temperature and humidity has been 
omitted from this paper for the obvious reasons that such climatic 
conditions cannot be standardised. 

•rf 

The mortars for the tests referred to by Mr. Lazarus were 
made within a few days of one another and the briquettes were 
matured under identical conditions to avoid complications in the 
results due to the effect, of variations in climatic conditions. 
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Mr. Simham has given himself a great deal of trouble in 
writing his comments, much of which could have been saved had 
he confined himself to the objects of the paper, as he deals with 
subjects far outside its scope. Many of his remarks too are in the 
nature of deductions from the results recorded. I set out to show 
the variations which can be obtained by preparing maturing ahd 
testing inortar briquettes and, having done so, suggested that a 
standard be laid down by the Institution to regularize the pro¬ 
cedure. Mr. Simham’s comments would possibly be of some use 
to the Committee which 1 trust the Institution will form. 

I cannot imagine the use of supplying the figures of the test on 
each individual briquette. It may satisfy Mr. Simham to know’ 
that any briquette giving a variation of more than 8% from the 
average was ignored. 

The lime was made from Shahabnd lime stone and thoroughly 
slaked before mixing for mortar. 

The method of preparing and testing the briquettes is outlined 
in the paper and unless definitely stated to the contrary, was 
identical for all samples. Mr. Simham does not consider that a 
definite standard can be determined by a few experimentations, 
neither do I, that is why I used over 1,700 briquettes to obtain the 
results recorded and few as the various methods used may be, the 
results conclusively prove that standardization is necessary. There 
are many other methods which could also have been used, but 
would have done nothing further to prove my case, and I cannot 
see of wliat additional practical use those suggested by Mr. Simham 
would be. Some of his views, lioivever, require correction and 
appear to emanate from the mind of a theorist who has had little 
or no practical experience in handling or testing mortar. 

Dealing with plate 1, he says that the decrease in strength 
must be due not to the disturbance of initial set, but to the mortar 
being exposed to the atmosphere resulting in carbonation of the 
lime. The experience of several engineers, and the examination of 
many old structures show that the process of carbonation of lime 
is very slow and is only superficial to start with. It has been 
recorded that even in walls of ordinary thickness carbonation of 
lime in the interior had not taken place even after the lapse of 
several decades. But Mr. Simham tells us that in three days car- 
bonation of lime should have taken place to such an extent as to 
cause a drpp of SO per cent, in the strength of mortar. His suggpe^ 
tion to keep the mortar free from atmospheric interference andtueu 
test. It, Is equally unpractical such a teat is of no use whatsoever 
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to the engineer who has generally to leave unused mortar exposed 
to the air. 


Methods of preserving:—Mr. Simham would ule the word 
instead of <4 preserving.*' Hut T confess my inability 
t <9 see any correction or improvement in it, and feel no regret for 

preserving." 


“ curing ’* 


having used the word 


While traversing I he section ■“ Moisture rs. slrength of 
mortar ” he shows a certain confusion of thought, by mixing up the 
moisture contents of the test briquettes at tin* time of 
testing with the water contents of the original niortar at the 
time of moulding. I can see no other reason for his statement that 
when excess water is present the mortar is “ less dense *’ and con¬ 
sequently cannot support the full load. The real cause of the 
lower strength shown by the wet briquettes is not explained by his 
ingenious theory of density, or crystals, but flic lower strength is 
due to the internal pressure set up by the water particles in the 
mortar causing lateral and tensile stresses. M may also be due, to 
some extent, to a. sort of lubricating action of water on the internal 
shearing planes. Another possible reason is that moisture softens 
I he particles of mortar and causes reduced internal frictional re¬ 
sistance. 


His graph in figure 1 is not correct. He has shown the maxi¬ 
mum strength as obtainable after 21 hours aeration, whereas this 
period is controlled chiefly by weather conditions and ordinarily it 
is much longer. I do not give exact figures here as 1 have not yet 
completed them for publication. 

His analysis of the results shown in plate 2 is interesting but I 
do not see any reason for the “ elaborate experiments ” to lind out 
how far curves for various heights of briquettes follow a definite 
law or laws, all that is required is to standardize the size of the 
mould to be used, llis suggestion for tlie use of cylinders instead 
of cubes as testing briquettes is commended for consideration. T 
may also add that in the United States of America now a days test 
blocks of concrete are generally of cylindrical shape. 

Regarding Mr. Sim ham’s preference for tensile instead of com¬ 
pressive test. Mortar is intended for use under compression only 
and it is certainly more desirable to have it tested in compression 
to ascertain directly its bearing power rather than fo test mortar 
in tension and then apply a formula to find out its eompressive 
strength, this formula- varying for every different kind of mortar. 
There is also a practical difficulty in that crushed stone is generally 
used on big engineering works in lieu of sand, and mortar prepared 
with this usually has pieces of stone up to 5/8 inch in size and so 
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not convenient for moulding in the moulds usually used for tensile 
tests. 

I agree with the remarks of Mr. Natesa Aiyar to the effect that 
ii is necessary, and, in fact, an important duty of the Institution, 
to bring about standardization of the procedure adopted in testing 
the materials used in Engineering construction. His suggestion to 
test mortar under various conditions and in different, methods can 
he carried out only by a fully equipped laboratory. The results of 
such tests may lead to a better and more definite understanding of 
the actual stresses involved in Dams and bring about, suitable 
changes in the design and construction of such structures. 

The author does not share the pissiinism of Mr. Natesa Aiyar 
regarding the utility of the usual compressive tests of mortar in 
briquette form. These tests indicate sufficiently the relative 
strengths and merits of mortars for use in compression and form, 
at present, the most valuable guide, if not tin* only guide excepting 
the tensile tests preferred by some engineers, to deride the propor¬ 
tions and quality of ingredients to be used in any mortar required 
to act under a, particular stress. Briquettes made from mortar nil 
out of portions of masonry on the Dam on which the Author is at 
present engaged have shown practically (he same crushing strength 
as the usual daily test briquettes made in flu* laboratory and of the 
same age. 

With regard to his remark about the applicability of the me¬ 
thods of tests described in the paper to hydraulic lime mortars only 
and not to fat lime mortars, it is desired to point out that, it is so 
indicated in the introduction to the paper. 
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KRISHNAMURTHY ON MORTAR TESTING. 
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WE CAN CONSTRUCT BRIDGES 

of any design, weight, or size, and undertake struc¬ 
tural and mechanical work of every description. 

We specialise in 

RAILWAY AND ROAD BRIDGES 

Our Workshop and Plant are admittedly the largest 
Engineering Establishment in the East, and are 
officially recognised as being capable of building 
girder bridges up to 300 feet clear span. 

Send us your enquiries. 

BURN & Co., Ltd. 

HOWBAH IRONWORKS, HOWRAH. 







RTLAND CEMENT. 


tHE tNSMTU'TIOK OE EKGItfEEBS (I&D1A). 


C/3 

< 

H 

a i 

§ o 

Q< <L> 

* ^ 

H g 

CD 3 

00 * 
Z CO 
►—h CO 


• CO 
CO a> 
• 2 

i ® 

Ecn 

U a 

4_> Cd 
U 

0, J3 


jS’S 

8* 
U a 

TJ 


(3 ,1 

cd 5 

• *h r t 

n3 w 
d cd 


a fc 


GJ=3 

2 o 

Su 


£ £ c 

<D 5 cd 


O g cx*» 

~3 § «^ 

U‘3$Q>-5 


® <d « 

«U « 

w - . 

^ a 

at O 
•* *■>, • 

^ £ 4-> 

J S g 

£ 0 *; a 


- 1 1 Q jmmjmmm < J CL. -j 


'&nt$ 


^d CO 0) CO 

“ r-fi ■« 

pg ^ 3J 

aa 8 J ! 

* -s 8 

< w ^ 

® <1 g 

SB § <! ti 

© 3 W 

a 5 S 

fid H* « i 


q> 

V-t i ^ 

* ^ ill 

a § 

$ 8 

^ U 

•oo £ 

c r-Q 

_Li 


a< 

H 


O a 

Cd | 

*4 

b* ^ 

c.* 

SC s 
Cd <8 


Cd 

Cd 

a 

sc 

idi 

H 

as 


>* u 

M s 


-Cj 

CO 

0 
• pH 

pJ 

• pH 

4-> 

■ 

4» 

ctf 

A \ 


Js 

aa 

w 
• ^ 

O 

> 

no 

0) 

CL, 

Cd 

0) 

CO 

C/3 

SC 

* pH 
> 

•“3 


.8 

Vh 

cd 

CA 


MARTIN & CO., GILLANDEBS ABBUTBNOT & GO. 

6 ft 7, Clive Street, CALCUTTA. 8, Clive Street, CALCUTTA. 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by spark. 

FOR EVERY TYPE AND SIZE OF 
BUILDING, THERE IS A GRADE OF 

RUBEROID 


ROOFING 


Write for samples and 
full particulars to 

HUMMER BROS. A Co., 
7, Bare Street, 

P- O. Box No. 1175. 
CALCUTTA. 
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COMPRESSED AIR PUMPING 

Sullivan System. 


Pumping by Compressed Air has economically 
solved many difficult pumping problems and is 
particularly suitable for tube well pumping when 
the water is at a considerable distance below 
ground and the size of the well is limited. The 
elimination of reciprocating and rotating parts 
in the well is an advantage which will be ap¬ 
preciated. 

We have installed numerous Air Lift Plants 
and shall be pleased to advise prospective 
buyers. 

Our Bulletin No. 711 on Air Lift Pumping 
will be sent on receipt of letter or Post Card. 


Agents 


INDIA 



BURMA 


(Incorporated In the United Kingdom.) 


Head OUice .—93, Clive Street, CALCUTTA. 
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RUSTON EXCAVATORS 

STEAM, ELECTRIC AND 
OIL ENGINE DRIVEN 
NAVVIES AND DRAGLINE 
EXCAVATORS. 

UPWARDS OF FORTY-FIVE 
Ruston Navvy Excavators and Dragline 
Excavators of all sizes and types are 
now employed in India on Railway Ex¬ 
tensions, in the Coalfields (removal of 
overburden), quarrying iron ore, canal 
construction, etc., etc 

Ruston Excavators, sizes varying from 
15 to 300 Tons (net weights), are working 
in India at the present time. 

Full particulars from — 

MARTIN & Co. 

Mechanical Engineering Department, 

6 & 7, Clive Street, 

CALCUTTA. 
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CULVERT 

Supporting 
a 10 ton 
roller. The 
culvert ft- 
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by baokfiil. 


THE TRUE TEST OF CULVERT 


The INDIAN HUME PIPE Co., Ltd. 

SEWERS JAMSHEDPUR. 

DRAINS 

GRAVITATION & 

RISING MAINS 


COMPLETE 
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SCHEMES 
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PMmMatt 


,E 


Incorporated m England 


ELECTRICAL. HYDRAULIC, TEXTILE & FIRE PROTECTION ENGINEERS. 

LONDON AND MANCHESTER. 

CALCUTTA; 7, Hare Street. P O Box 389 
BOMBAY; Bombay House. Bruce Road. Fort, P 0 Box 327 
District Representative Nawabganj. Cawnpore 


ELECTRICAL PUMPING PLANTS 


Water Supply Schemes. 
Mine Drainage. 
Handling Oil. 


Circulating 
and Extraction 
Pumps. 


Irrigation Schemes. 
Hydraulic Power. 
Boiler Feed. 






“PLUROVANE” pump for MINE DRAINAGE 


SEWAGE PUMPS 

We have reoently developed a 

« KARNTCLOQ ” PU MP 

VERY ROBUST CONSTRUCTION. 

W.ll pa»e any Solid sphere that can enter Suction 
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THE 


‘PATERSON’ 


SYSTEM 


WATER PURIFICATION 


WATER FILTRATION, CHLORINATION 
AND SOFTENING 


CONTRACTS CARRIED OUT IN 


GREAT BRITAIN 

AUSTRALIA 

CANADA 

SOUTH AFRICA 

FRANCE 

INDIA 


EGYPT 

CHINA 

JAPAN 

SOUTH AMERICA 
RUSSIA 

STRAITS SETTLEMENTS 


OVER 600 MILLION GALLONS OF WATER PER DAY 
TREATED IN INDIA 


THE 


PATERSON ENGINEERING 

Co. (INDIA), LIMITED. 

CALCUTTA-Post Box 680-BOMBAY. 
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®lj t Utatfsman 


PRINTING 

DEPARTMENT 

is specially adapted for the production of high-class 
work at moderate charges. 


Books 
Pamphlets 
Office Stationery 
and all classes of 
General Printing 


Book Binding 
Ruling 

Gold Blocking 
Relief Stamping 
etc,) etc* 


Address all enquiries to: 

MANAGES, THE “STATESMAN,” HUNTING DEPARTMENT, 
6, CHOWRINOMStC. CAjLCMTtA. 
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T-nfV., 


LUCKNOW RAILWAY STATION. 

Wired throughout on the 

HEJNlLJSy WIRING SYSTEM. 

USED BY ALL THE LEADING WIBING CONTRACTOBS IN INDIA. 

Patentees and Manufacturers: 

W. T. HENLEY’S TELEGRAPH WORKS Co., ltd., 

(Incorporated In England.) 


HENLEY HOUSE, CALCUTTA. 

HEAD OFFICE : 

11. Holborn Viaduct. 
LONDON. E. C. 1. 


HENLEY HOUSE, BOMBAY. 

WORKS: 

North Woolwich and Gravesend, 
ENGLAND. 


AGENTS IN INDIA AND BUKftlA: 


MADRAS ; Crompton Engineering Co. 
(Madras), Ltd. 

BURMA; Chas. R. Cowie & Co, 
RANGOON. 


The General Electric Trading Co., 
KARACHI. 
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Efficiency 

Ge n erosity pays , almost always . 

2 

N. B. copper losses vary as C or 1 

Cos.^ 2 

Therefore , watch your power factor . 

The “ TRUWAT ” Motor 

IS A FURTHER DEVELOPMENT OF 
THE WORLD FAMOUS 

Auto-SYNCHRONOUS Motor 

and embodies several outstanding features in design, of 
proved advantage in operation, over any motor of similar 
construction, to run at unity or leading power factor. 

Built in several sizes, 

from 10 B.H.P. & 750 r.p.m, up to 600 Volts 
to 220 B.H.P. (7? 600 r.p.m. ditto 

Prices & Particulars on application. 

Manufactured by 

CROMPTON PARKINSON LIMITED. 

GUISELEY, CHELMSFORD AND LONDON. 

Represented in India fi? Burma as follows:— 

* 

Rangoon Agents: Post Box No. 234 
Madras ,, „ .. No. 205 
Bombay ,, ,, .. No. 91 
Calcutta Branch: ,, ,, No. 23 

'MARTIN & CO., Managing Agents: 

6 & 7, CLIVE STREET, CALCUTTA 
’ RHONE m CAL 
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MARSHALL SONS & Go. (India) Ltd. 

==ENGI NEERS —. 

Man. Agents : MARSHALLS (Direction), LTD. 

CALCUTTA LAHORE TANJORE 

BOMBAY KARACHI COIMBATORE 

MADRAS BEZWADA RANGOON 

Works: AGARPARA, E. B. Ry., Bengal. 


IN ASSOCIATION WITH 

MARSHALL SONS & Co., Ltd., 

GAINSBOROUGH. ENGLAND. 


MAKKKS OF 

FIXED HORIZONTAL & VERTICAL STEAM EN¬ 
GINES. PORTABLE & SEMI-PORTABLE ENGINES. 
BOILERS, ROAD ROLLERS, TEA MACHINERY. 
FLAX MACHINERY, THRASHING MACHINERY. 
PEAT MACHINERY, ASPHALT MACHINERY. 
CONCRETE MIXERS, etc., etc. 


AOIiNTM FOKi 


Baxters Stone Breakers. 
Blackman & Keith Fans. 

Blowers, Hearths, etc* 
Blackstone Oil Engines, 
Boilerine Scale Preventative, 
Carters Disintegrators, 

Engelberg Rice Milling 

Machinery, 

Gwynnes Centrifugal Pumps, 


Hayward Tylers Hand 6? 

Steam Pumps, 
Ransotnes Saw Mill Plant, 

Rose Downs-Thompsons Oil Mills 
Stamford Flour Mills, 

Wm. Weeks & Sons , 

Tat & Bitumen Boilers, 
Spraying M/cs., etc., etc. 


Write for our Catalogues. 
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T 

WO RTHm^ O N 

We have supplied and erected many large 

PUMPING INSTALLATIONS 


throughout India, Burma & Ceylon. 

We hold considerable Stocks of our PumJ)s and 
Water Works supplies in India . 


SIMPLE 



EFFICIENCY 


Worthington 1 Horizontal Duplex Piston Pattern Pump 


Send your enquiries to 


WORTHINGTON SIMPSON L 


{Incorporated in Copland) 


10, €11VF ST., 

CALCUTTA. 


ASIAN BLDGS., 
NICOL ROAD, 

BOMBAY. 


J. B1.AKEBOROUGH far Son 
GEO. KENT Ltd. .. 


AGENCIES : 

.. VaU t-s Hydrants Sluice Gate#. etc. 

Venturi Mete is, Water Steam & Alt 
Meters 

.. Giiivity and Presume Filter* 


JEWELL EXPORT FILTER Co. , • • Giavity and Presnuu' fiiren. 

CLARKE &■ VIGILANT SPRINKLER Co Automatic Sprinkler & Fife Alarm. 


AVELJNG te PORTER Ltd. .. 


J pAMPNEY fct Co., Ltd. 


Steam fr Oil Road Rollei!>.rt$C«rifi<rr<s, 
etc 

a pF, x IOR" Bailee Compound 
ASPHALTENE, etc. 












ElGHl’H ANNUAL GENERAL 
MEETING. 


('lle Eighth Annual General Meeting .gV f nst/tutnm 
teas held in the Registered Gtjne ut tin Institution. 
6 1 , Esplanade Row, East, Caleutia, at l l am,, an 
Monday, the 12th December, i ,s> ':7. 


i’kkscnt 


Mr. K. I>. T. .\ !(‘\;iii(l<-r un ‘l>> 1 ban 
,, ,1. S Pillo*niljl\ 

1L lliir-kinsli.rw 
., f. Addams Williams 
<i, l’rniisln Williiinis 
,J. Media siia ii 
E. J, II. Gl'c 1! \\ nod 
K. M. Kii kli<*|- 
,, A. II. -Inil)is(diic 
l>r. A. dardiim 
Mr. T. H. Richardson 
.. P. 

tr» forpoiale MombolM ;in<i Me. S K I 
Sm-irlan . 


' !l ■ I I< ■* .»«'(<•*! .! .*■ 


pip =pi;i:i*i n«.s 

f Mr. R. D. T. Alevandcr look llm fl.au U li ui. 

L»‘a«l I lie NoUm* ( im%<*nin(I t Ali *'tinu 
'Vim MinWs of iIn* Srxrnlli Animal dmmra] Alt-oii> m*io 
leadvftiid (‘ouUtVjtud. 
ttmJ.- Thu lyUfft.Ha' fmin.il ami llio SMlomont «>t 

Aecou'iiltt m^HHbh‘d In ilm AndiNus wore handed 

.Mr. U am Kishau that tin* A initial 
A^mn-il ami Audited An-oimls bo 

Mr. f. Addams Williams and 





ANNUAL REPORT OF THE COUNCIL 

For the Year Ending 31st August, 1927. 


The Council luivc pleasure in presenting to tlte Members at. the 
eighth Annual Ceneral Meeting their Report of the progress ami 
work of the Institution during the \car ended :tlsf August, IPl'7. 

MHMIiHKHIIlI’. 

r l'ht* changes in the Membership between the Pdst August, Idllti 
and dlst August, i!>27, are shown in the following table : 
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Examinations Committee; Mr. U. I). T. Alexander and Dr. 
A. Jardine to tin* Administrative and Finance Committees; Dr. 
Jardine was also appointed to tlie Applications Committee. 

Mr. .1. W. Mcares continued to act as the representative of the 
Council in England. 

The Council regret to report the deaths of Sir Ganga Ram who 
had been a .Member of Council since R120 and of Rao Rahadur 
S. Y. Rajadliyakslia who had been a Member of Council since L92J. 


ST A N1) A RI) SCECIF1 CAT IONS. 

The Council have continued to act as the Indian Committee of 
the liritish Engineering Standards Association and during the year 
received a considerable number of Specifications. 


INTERNATIONAL 'ELECTRO TECHNICAL COMMISSION. 


f lie 


The Council have continued to act as the Indian Committee of 
In lernat ional Elect ro Technical Commission. 


JOURNAL. 

Owing to the unfortunate illness of the Secretary, Volume Vfl 
of the Journal has not been published. 


RULLETINS. 

Eulletins Nos. It, U>. lb and 17 were published and issued to 
Members during the year. The Rulletins contained information 
concerning the work and activities of 1 he institution. 


ISSUE OF CARERS. 

During the year 1 hi* following Capers were issued to all 
Members of the Institution and were read at Meetings of the 
lust it ut ion. 


THE RAILLESS OR TRACKLESS 
TROLLEY SYSTEM " by Mr. A. ? Lennox Stanton 


MORTAR TESTING ” by Mrl 

MAIN FEATURES OF Till 
UOM CLETION WORKS FORI 
WATER SUCCLY OF ROMRA 



; (Mem berg 

Ishnamnrthy, 

iate Member). 



. Prokofieff, 
(Associate Member). 


ANNEAL REPORT. 


o 


EXAM*] NATIONS. 

A list has been prepared of tI k* Examinalions which Juno hern 
recognised l»y tilt* Council as exempting from Parts A and j: of 
the Associate Membership Examination, ami this list was pul.fish.>,! 
m Quarterly bulletin No. 1(> fur the inhumation ot Member. 


AWARD OF PRIZES. 

II. E, 'Pin 1 Viceroy’s Prize lor lllii :i, was awarded to Mr. 
-J McOlashan, Chief Engineer, Port Commissioners, Calcutta, 
for his Paper *• NEW SO ft. ROCK ENTRANCE INTO THE 
KtDDEKPORE DOCKS The prize for the year 27 has not 
yet been awarded hut is under the consideration of the Council. 

I Seen use no suitable Paper was submitted, no award of the 
prize of £20, offered annually h\ I he Institution of Electrical 
Engineers was made. 

« 

ALTER Ad IONS TO THE 15V LAWS. 

Various additions and alterations were made in the Ii\ laws 
of the Institution to meet the requirements due to the progress 
briny; made b\ the institution. 


LOCAL ASSOCIATIONS. 


On t he Hot li March, 11)27, a new Association named “THE 
NORTH WEST INDIA ASSOCIATION” was inaugurated. The 
boundaries of the lour existing Local \ssociat ions were also 
extended and the whole of India with the exception of Rurma is 
now covered bv Local Associations. 


Membership of the Jlomhav Association inci eased considerably 
and the Association opened a Reading Room and a Library. 

The Donga I Association also opened a Lecture Hall, a Reading 

Room and a Library. 

As a result of the expansion of the Local Associations, the 
election of Members to the Council is now carried out in accordance 
with Article 1) as contemplated in Article .‘It. 




C< ’DENTS. 


The audited acco 
are appended. T 
the year’s wo rkij 



the year ending 21st August, 1027, 
show a delicit of Ks. 7,122 0\ on 


The after taking into consideration tin*, 

increased Institution, the general position is 

sat isfaetory. 


®lje Institution of (Engineers (Initio). 

Balance Sheet as at 31st August, 1927. 
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PRESIDENTIAL ADDRESS 


BY 


./. S. PITKEA THL Y, c i.e , c.b.e., c v.o., d s.o. 

PRESIDENT, 1!>27 L\S. 


II i .v. my Rival privilege to address yon as your President fo 
the coming year, and my first, duty must he to express my thanks b 
the Council and meml>ers of (he Institution lor the great homm 
they June conferred upon me in electing me to this high otliee. 
confess that. 1 take ui>on myself tIn* duties of this olliee with sonu 
hesitation and doubt whether I can properly till the position; bu 
one thought comes to comfort me. One of the philosophers said 
“The future does not come from before to meet us, lint come; 
streaming up fiom belli ml over our heads.” We, therefore, are no 
responsible to the present Reiteration but to the future. Tin 
success of this presidential year- and we all hope that it be j 
successful \ear -will not be upon my shoulders but upon the broa< 
and capable ones of my (listiiiRuishcd predecessors to whos< 
uiiRTudRiitR labours the Institution, in a very lat-Re measure, o\\e> 
its position to-day; but on me devolves the duty of doiiiR the utmost 
of which l am capable to consolidate and extend the work of tin 
predecessors and to advance, in every possible way, the interest 
of this Institution, to which we are all proud to belong. A dis 
tiuRiiished past President of the Institution of Electrical Engineer! 
in one of his addresses likened the position of the President of an 
Institution such as ours to a spear point or the tool lace, and very 
rightly stated that what may be accomplished by the point depends 
largely on the bod\ behind it. 1 know your President is always 
assured of an overflowing measure of support and sympathy from 
your Council; but, if the good progress made in the past is to be 
maintained during the coming'year, it, is essential that the keen 
interest and support, of every member of the Institution should be 
behind the Council in their labours on jjafabr behalf. 

The aims ami objects, for which tlijl aUitution was founded, 
are set forth in the Memorandum of jHH9Hft>n, and are well 
known to you all. The Institution good pro¬ 

gress. the total membership to-day beinett increase 
during the past twelve mouths 51. The conditions of and qualifica¬ 
tions for membership are not being relaxed in any way, but are 
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ini her being made more severe. Membership of tin* Institution is 
becoming more ami more recognised as a <)iiaiili< at ion and as the 
ball mark of tin* Engineer. 

The local associations of Bengal, Bombay, South India and tin* 
l niled Provinces continue to thrive, and during the past war the 
North West India Association was inaugurated. 

Much has been accomplished since the Institution was incor 
porn led in Idl'd but much vet remains to be done before the ideals, 
which inspired tin* i'oundeis, are fully realized; and I want to see 
and do not hesitate to call for ungrudging sei \ ice t«> 1 tie Inst it ut ion 
from all its Members, I am certain that, it each member will 
a< lively realize that the Institution is Ins Institution, its powers ol 
and opportunities lor useful service to the Engineering Piofession 
and to t he people of t his gi cat countrv will be greatly enlarged. 
We, members of the Engineering Profession, are justly proud of our 
splendid tradition of service mulcted in many eases tegardless ol 
the cost to I he server, and 1 ask that ivet\ mcmbei of the lnsiihi 
(ion should today put to himself l lie quest ion “What sen in* can I 
render to the Institution during I lie coming war?" In older to 
help you to answer this question, I propose briefly to indicate t In¬ 
directions in which vour assistance is needed, and I feel assured 
that my appeal to the members ol the Institution foi help will meet 
with whole hearted response. 

Each member can help the Institution bv bringing its aims and 
objects prominently belore those mcmbei ol t be Engineering pro 
fission in India vvlio have noi vet fell it to lie their duty to join 
i he Inst it ill ion. As I have already slated, the membership of the 
Institution now stands at 1,0d:>. This is mu unsatisfactory; but 
there is room in I lie Institution for many moie. 1 know that there* 
are many Engineers fully qualified for membership vv hose presence 
amongst us would add greatly to our siieng!Ii. but who, for one 
reason or another, have so far refiaimd from joining and helping 
us in our work on behalf of the Engineering Profession in India. 
By inducing them to do so there is an opportunity to serve the 
Institution, and I ask each member to appoint himself a missionary 
on behalf of the Institution, and in season and out of season bring 
its aims and objects prominently before those engineers of his 
acquaintance whose help ayd support we are not at present able to 
enlist. I am sure <intensive effort is made during the 
coming year, our inc jriSMHP™* ! 1 can lie very substantially increased 
and the opportunitios ljftr good work which the Institution possesses 

You will note from the clause d c of tin* Memorandum of 
Association that one of the objects for which the Institution has 
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been established is “to diffuse among its members information on 
all matters affecting Engineering, and to encourage, assist and 
extend knowledge and information connected therewith by establish¬ 
ment and promotion of lectures, discussion or correspondence.” 
Now, tin* records in the Journal of this Institution show that since 
its formation, a number of valuable and interesting papers on 
matters connected with Engineering have been submitted by mem¬ 
bers of the Institution and discussed either at the meetings of the 
local association or the parent body ; but it is a matter of great 
regret to your Council mid myself that no papers are available for 
discussion at this meeting. If the Institution is to fulfil one of the 
most important objects for which it was founded, members must 
bestir themselves and, even at the sacrifice of some of their leisure 
time, undertake the preparation of papers dealing with engineering 
mattecs with which tliev are most conversant. Iam aware, that, 
as a class, tlie members of the Engineering Profession are usually 
unduly modest, and many feel that the works executed by them are 
not of sufficient importance to be worthy of a paper; others may 
feel that the difficulties encountered by them in carrying out works 
were capable of very simple solutions when carefully examined, and 
the matter is not of a sufficient importance to justify the prepara¬ 
tion of a paper for the Institution. But here I think they make a 
mistake. Jt is only by explaining the difficulties which we have 
met and the methods adopted to surmount them that we can hope 
to pass on our experience to others and so fulfil one of the main 
objects for which the Institution was founded. There is no country 
in the world with a larger variety of engineering work in progress 
than India, and many engineering problems and difficulties have 
constantly to be surmounted; and I appeal to all members, who 
may he in a position to help, not to allow a little trouble or sacri¬ 
fice of time to stand in the way of this most important, service to 
the Institution. If members shirk this service and a steady flow of* 
suitable papers dealing with matters of professional interest is not 
maintained, then the usefulness of the Institution will be 
grievously impaired, as it will fail to serve one of the principal 
objects for which it was founded; but I have no fear that this will 
be the ease, as I am confident that my appeal will not go unheeded. 

I have briefly indicated above two directions in which each 
member may serve the Institution; but there is another direction 
in which even greater opportunities exisUflfcyiervice to the Institu¬ 
tion and our profession. Sir Clement referred to it in his 

presidential address in 1922, and I feel Ij^^^make no apology 
for quoting the words used by him on tnoMHMNpfe He said, “A 
very great responsibility lies on every Engineer who is entrusted 
with the practical training of the students or apprentices. It is 
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lien; that his opportunity for service to the Institution and the 
profession lies, and it is here that the greatest necessity exists for 
a realisation of those ideals of which I have been speaking/’ 
These are wise and weighty words, and I sometimes wonder if we 
fully realise our responsibilities to the rising genera I ion and if 
each one of us is doing his utmost, to discharge those responsibilities 
to the best of his abilities. In the course of time the students of 
to-day will be called upon to take the reins from the hands of those 
who now occupy the premier positions and if young men are to 
carry on the traditions and maintain the high standard of our pro¬ 
fession, it is essential they should receive all the guidance, 
sympathy and support that may Ik* necessary for tlieir welfare and 
advancement. Tu this matter of vital importance the work is one 
which, to a great extent, must be left in tin* hands of individual 
members. I know that many members of the Institution have given 
unsparingly of their time and interest to (his work, but lest any of 
our members have overlooked their obligations to the Institution 
and the young engineers with whom they are brought into contact, 
J commend to tlieir notice the great opportunity which this work 
offers of rendering useful and lasting service to our Profession. 


At the risk of incurring the criticism of making an unsuccessful 
attempt to preach a sermon instead of delivering a Presidential 
Address, l propose to take this opportunity to address a few words 
to the students and younger members of the Institution. It was 
inv privilege some years ago to read two addresses, one delivered 
by Mr. (■. H. Wordinglmin to the Loudon Students' Section of the 
Institution of Electrical Engineers, and another by Dr, E. II. 
Griffiths, F.R.S., to the South Wales Institute of Engineers. 
These addresses made such a deep and Insling impression on me 
that 1 feel I can render no better service to the young men of our 


profession to-day than to tell them some of the things tlu* lecturers 
said. Speaking to the students Mr. Wordingham said : — 

“Most, of you are starting, or have just started, on your 
career*#: what is necessary for your success? Naturally you must 
be equipped with the very best scientilie and technical education 
you can obtain. Subject possibly to the exception of a few brilliant 
men with inborn genius who do arise from time to time, the day has 
gone by when the man who picked up his knowledge as he wenl 
along can hope to attain a good position as an engineer. Every 
young man entering tj^mrofess ion must, make himself acquainted 
with the present sta^U^uowledge in the various branches, and 
•bust have a specialknowledge of the one in which la* proposes to 
practise. This4ri^jMRPb however, is only his bag of tools. The 
finest kit in the world will not carry him far if he does not know 
how to use them. It is in the use of them that the human element 
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(■‘nut's in and Unit 1 lit* exercise is called for of such alistract qualities 
as sympatliy, kindliness, consideration, lirmness, fairness and 
honour. These are the determining factors. The works manager 
who has favourites, who tries to get the bettuy of his men, who 
hullies and insults 1 hose under him, or truckles to a dishonest 
employer by allowing scamped work, will never he a success. The 
adviser whose ad\ ice is coloured by his own sell' interest, or who is 
open lo improper influences, may make money, hut he will never 
attain an honourable position. The staff man whose heart is in his 
amusements and who oyly does so much work as he is compelh'd, 
doing it as an uncongenial task to he put out of mind when he puis 
on his hat, will find his promotion slow and his change of employ¬ 
ment frequent. 

"It is the man himself who counts. Me must have his equip 
men! of knowledge and skill, hut also he must he a bln to use that 
equipment. 

"dust one word on the subject of work. The fashion of the day 
is to exalt amusement as 1 he chief aim in life, and to represent 
work as a task to he reduced to the shortest period possible. So 
far ha\e things gone that a man’s opportunity to work is in certain 
directions forcibly limited by Act of Parliament. Work is essential 
to our existence, and it behoves each one of us to Mud out for 
himself what kind of work he is best suited to perform and then to 
find means to make it his vocation. Ordinarily, many drift into 
their life’s work, but I imagine that few drift into engineering; 
most enter the profession from deliberate choice, presumably because 
it attracts them. Fortunate indeed are they if they have correctly 
gauged their inclination, for 1 lit* true engineer needs no artificial 
amm ement, his work is his hobby and is seldom out of his mind, 
even when taking, as he should, legitimate relaxation. 

".Most of us must have asked ourselves at one time or another : 
Wliul is man’s ultimate destiny? What are we here for? Fnch 
must lind his own answer. I suggest that one of the most im¬ 
portant objects in life is the formation of character, and if this be 
so, every thought, every action has its effect, indelible and per¬ 
manent. Every job carried out then assumes an importance far 
greater than its intrinsic worth would give. it. The primary 
thought in every engineer’s mind should be: ‘Will this thing 
which l am carrying out. be to mysgoedit as an engineer 
or to my discredit? Suppose the wmlflKfevliieli I am doing 
to day, and which will soon be out oJL sig ht, is unearthed 
20 years hence, will its discoverer say of^fflpWmt the job was 
well done or scamped?’ I know of no pleasanter sensation than 
that of revisiting something carried out years ago and being able to 
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1**11 oneself Unit it lias stood tin* test of time and is still function¬ 
ing well. 1 would say to each of you : ‘'Pry to do every piece of 
work primarily lor the works own sake and for tin* sake of its 
effect on your own character. The pecuniary reward in any one 
instance may he small or peal, hut in the long run that too will he 

added to you.’.A duty accomplished, a dillh ally success- 

tally overcome, a joh well done, these are the things which coaler 
real happiness, happiness worthy of man with his inlinite possibili 
lies and responsibilities." 

I>r. tlriffiths ended an address on tin* subject: “A closer 
union between pure and applied science" with these words: 

“There is no branch of natural science which the engineer can 
allord to ignore. 11 is dependence on the physicist, the chemist, 
and the geologist is obi ions, but I ask you to remember that the* 
successful const ruction of (lie Panama (’anal was due to the 
researches of zoologists, and even the designers of our aeroplanes 
had to call on the botanists for advice in the selection of their wing 
materials. 


“The increasing complexity of the problems by which we are 
confronted -or rather our increased knowledge of their com¬ 
plexity has led to the division of science into separate 
< omparlmenls. a separation which was inevitable although 
in some respects regrettable* Nevertheless we must remem¬ 
ber that they are all parts of one organic whole. The laws of con¬ 
servation and dissipation of energy, for example, are not hounded 
in I heir npplieut ion by the walls of a physical laboratory. No 
worker in any one such compartment can allord to Ik* ignorant of 
discoveries made in others, and more especially is this true of the 
engineer. It appears to me that one of our dilliculties is the ten¬ 
dency to over-specialisation. The engineer should have easy access 
to all chambers in the, temple of science. 


‘‘It is true that the views 1 have expressed may be regarded as 
1 lopian, or, if you prefer it, optimistic and imaginative. 1 am 
unrepentant! 1 want, to induce our young engineers to be both 
optimistic and imaginative. 


“I delight in the following quotation from an address given to 
tin* Royal Society by Sir Benjamin Brodie in 1S.”>!): ‘Physical in¬ 
vestigation more than anything besides helps to teach us the actual 
value and right use _^f imagination—that wonderful faculty, 
which, left to rambleiBPPoutrolled, leads us to stray in the wilder¬ 
ness of perplexity and error, a land of mists and shadows, which, 
properly controUudfl*flp» experience and reflection, becomes the 
noblest attribute of man. the source of poetic, genius, the instru¬ 
ment of discovery in science, without the aid of which Newton 
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would never Lave invented fluxions, nor Davy have decomposed the 
earth’s alkalies, nor Columbus have found a New Continent.’ 

» 

“1 venture to repeat, at the risk of being thought wearisome, 
that the mental attitude of our young engineers tOAvards the re- 
A’elations of pure science should not be ‘What possible use can 
there be in this discovery?’ but rather ‘What is the Avay in which 
this discovery can be utilised?’ I Avould urge you in your leisure 
hours—and L admit they may be few—to study the Avorks of the 
pioneers in pure science, and as you do so give free play to your 
imagination, always bearing in mind the Avoids of Sir Benjamin 
Brodie: ‘Imagination properly controlled by experience and 
reflection.’ Waste not your efforts in vain pursuit of impossible 
ties, such as the squaring of the circle and perpetual motion; but 
build on the tirm foundations laid for you by the masters of 
research, and strive to apply the principles they have established to 
Ihe benetit and advancement of mankind. 


“Determine that you Avill become liaison officers botAvecn the 
allied armies of pure and applied science. To the man of science, 
discoveries are an end in themselves; by the engineer they should be 
regarded as foundations on which lie may surely build for the 
edification of mankind. 


“I will close At it h t lie Avoids, better than 1 could frame: 
“There are three voices of Nature. She joins hands with us and 
says, Struggle, Endeavour. She comes close to us; we can hear 
her heart beating. She says. Wonder, Enjoy, Revere. She 
whispers secrets to us. We cannot always catch her words. 
She says, Search, Inquire. These, then, are the three voices of 
Nature, appealing to Hand, and Heart, and Head, to the Trinity 
of our Being.’ ’’ 


No better advice has ever been given to young men starting 
their careers in the Engineering Profession than that contained in 
these ((notations, and I hope that the students and younger Mem 
hers of the Institution ivill find in these Avbrds inspiration and in 
centive to selfless service. Your profession has pre-eminently a 
boundless scope for service. The vastness of its domains) and 
the strength of its influences provide inspiration to endeavour 
Avhich, I feel sure, will sustain you when travelling the road which 
lies before you. I ask you to regard the Institution as an embodi¬ 
ment* of the principles so well expressed li^fcie distinguished men 
Avhose words I have borroAved; and I can point you no higher aim 
than that the proper exercise of your prdHHWon and the right 
conduct of your lives should serve as a mirror reflecting those 
principles. 
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Now the proper exercise of your profession, and indeed of any 
profession, implies something more than just “pulling your 
weight.” As engineers, you will understand that maximum effort 
ran only be exerted if the individual forces act in unison. In other 
words, it enjoins unseltish team work. Success and honours will 
not come to all of you; nor would I have you measure merit, solely 
by this standard. As your work draws to its end and as you 
retrace the difficulties of the way which you have traversed, yon 
will come to pass judgment on yourselves ; and, if you are able 
justly to conclude that, ‘1 have given freely and nnseltishly to the 
team/ you can lind no fairer capital to crown your life’s, w'ork. 

And now' I shall end wilh an earnest appeal to you all that you 
should, at all times and in every way, apply the high principles and 
traditions of your profession so to help to direrr the course of events 
that this great country shall go up, and not down, in the scale of 
humanity, and in its upward progress shall Is* an agent for the 
uplifting of mankind at large. 



THE 


EIGHTH ANNUAL DINNER. 


The Eighth Annual Dinner of the Institution of Engineers 
{India) was held in Peliti's Restaurant , Calcutta , on 
Tuesday , December 13th, 1927. 


Mr. J. S. Pitkeathly, Chief Controller of Stores. Indian 
Stores Department, aint President, of the Institution, presided. 
Ilis Excellency Sir Francis Stanley -Jackson, the Governor of 
Denial, was the principal guest. The other giie-ls in,-hided Col. 
('oininandant E. A. Tandy, .Mr. .1. A. L. Swan, Mr. N. l’earee, 
Mr. S. ('. Stuart Williams, Mr. T. M. Ainscough and Hai Bahadur 
A. C. 1 Sauerjee. 

Ilis Excellency Sir Francis Stanley .Jackson proposed the 
toast “ The ICinjr Emperor.” 

The President, iirproposing the toast “Our Guests.” said : — 
Your Excellency and (Jentleinen : - 

It is my pleasant duty to propose the health of our (hirsts. 

I sincerely wish that this duty pleasant though it is had fallen 
*on someone better aide to discharge it than l am. I am a wan* 
that we members of the Engineering Profession look upon our¬ 
selves as a highly gifted pimple-in fact I know that we hold the 
belief that in our profession the “ salt of the earth ” is to he 
found in generous measure and of full savour, but 1 fear we must 
admit that, with a few exceptions, the gift of making after dinner 
speeches clothed in pleasing and appropriate language is one 
which lias not been lavishly showered upon us. We are, if I nun 
say so, more accustomed to express ourselves in “ works ” than 
in words. I know there are exceptions to thjs rule as there arc 
to every rule, but your (Minimum to-night is not one of the excep¬ 
tions and I must ask you to pardon my shortcomings and inability 
to do*full justice to the Toast which has b$*h entrusted to my care. 

Our Chief Guest this evening is Ills Excellency Sir Francis 
Stanley .Jackson, Governor of Bengal. This is the first occasion 
that the Annual Meeting of the Institution has been held in this 
part of India since IIis Excellency assumed otlice and by accepting 
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our invitation and honouring us with liis company (his (‘veiling, 
lit* lias taken llu* lirst possible opportunity (o show liis keen 
interest in the Institution and Ids sympathy with his objects and 
ideals. I am sure I voice the thoughts and feelings of everyone 
present, when l say that we all deeply appreciate the great honour 
liis Excellency has done us in coming this evenin'*;. 

We have with us tonight Mr. Stuart Williams ami 
Air. J. A. L. Swan, representing two <*r«uit activities, the Port 
Commissioners and the Improvement Trust, which ha\e done so 
much to raise this City and Port to the proud positions they 
occupy today. We hope to have an opportunity of seeing for 
ourselves some of tin* magnificent engineering work which has 
been carried out at King Ceorge's Dock when we visit the site on 
the I 1th. Colonel Tandy, Surveyor (ieneral, and Mr. Pearce, the 
Agent of the Eastern Pengal Kailway, are old friends and we are 
very glad indeed to see that they have been able to be with us 
this evening. Wje give a coidial welcome to Rai Pahadur A. C. 
Panerjee, President of a sister Institution, the Mining and 
Ceological Institute of India. 1 must now thank tie represent a 
lives of the Press who have honoured us with their company this 
evening. I would like to take this opportunity to express the 
Institution's indebtedness to the Press for sympathy* assistance 
and help in the past and I would like m assure you that vve shall 
do our utmost, to retain your goodwill in the fiituie. 


To all other (luesls whose names I have not mentioned vve 
give a very hearty welcome and hope they will cany a wav with 
them pleasant ret oiled ion of the evening. 


/ I am sure you all feel that I have said enough and are anxious” 
that T should bring these remarks to a close, in order that you 
may hear what liis Excellency has to say to us. We hope Hint 
In* will have something to fell us about some of the important 
engineering developments which aie in hand or under consideration 
in this part, of the country, and I will now ask the Members of 
the Institution to rise and drink to the Health of our (Inests 
coupled with the name of Ills Excellency Sir Francis Stanley 
Jackson, the Governor of Pengal. 


His Excellency Sir Francis Stanley Jackson, in responding 
to the toast “ Our Guests ” said : — 

Mr. President and gentlemen—1 am very grateful for the 
privilege afforded to me of responding to the. toast of “ The 
Guests.” This enables me to thank you on their behalf for your 
most generous hospitality and gives me an opportunity of 
welcoming so many eminent engineers of Calcutta. 1 must also 

D 
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thank the President for his personal reference to myself and assure 
him of my interest in your Institution and my sympathy with its 
objects and ideals. I note that the objects of your Institution are 
“ To promote and advance the science, practice and business of 
engineering in all its branches in India and elsewhere, and to 
diffuse amongst its members information on all matters affecting 
engineering.” You are meeting in conference when your dis¬ 
cussions have afforded an opportunity of giving and gaining 
information in connection with your profession, which, I have no 
doubt, will prove of great value to you all. It is only after nearly 
nine months’ experience in Bengal that I am able to realize the 
extent to which we must depend upon the help of our engineers for 
the satisfactory administration of India. I did not appreciate 
properly the raiuilications of the engineer. Roads and buildings, 
railways, irrigation and waterways, sanitation, all come within his 
sphere. We could not get far without him. 

I think 1 am not putting it too high when 1 say that upon the 
advice and work of our engineers the health and prosperity of the 
country largely depend. At the the recent Medical Congress in 
this city it was definitely stated that the lirst necessity in any 
attempt to prevent the scourge of cholera is the supply of pure 
drinking water. This is a matter for the engiueer. The preven¬ 
tion of the accumulation and the removal of foul water and garbage 
by surface drainage and sewerage 4 are matters for the engineer in 
conjunction with the Local Health Departments. The production 
of schemes of irrigation to supply water to districts, which arc 
periodically short of rain, and for the drainage of inundated areas, 
are the work of engineers. In all these matters much depends 
upon the efficient manner in which the work isi carried out and 
a special responsibility devolves upon the junior branches of 
the service, who lind themselves in charge of detailed work. 
Slovenly or careless work in detail may spoil a large and ex¬ 
pensive scheme and result in more harm being done than good. 
Every man in each bra neb of the service must appreciate tha t upon 
the way his particular job is carried out depends the success of 
the whole. 

It is also necessary to watch carefully that works in construe 
tion may not become in some indirect way the cause of trouble. 

I can conceive that in the construction of a road or railway, it may 
be necessary to dig borrow’ pits, which fill with water and provide 
a breeding ground for mosquitos. This will spread malaria. It 
would appear that wherever possible water supply tanks should be 
made in combination with the road or railway schemes and schemes 
taken up together might prove to be mutually economical. 
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The engineer and his work conduce greatly to the prosperity 
df the country. Trade development needs roads, railways, docks, 
dr., and general good communications. Mechanical and electrical 
engineers provide the machinery, lighting and power—so, put 
together, health and prosperity depend much upon, and owe much 
to, the efforts and skill of engineers. 

We have a number ol‘ engineering projects of vital importance 
to the health and prosperity of Bengal. At present actually in the 
course of construction there are the Kiddcrpore Bocks, the Hally 
Bridge, the Damodar (’anal and the improvement of roads. The 
schemes in prospect are the electrification of railways round 
ralcutta, and this might result in si eentral rstilway station for this 
t ity. 

And last hut not least a bridge across the llooghly, connecting 
ralcutta with Howrah, of such a character sis may he aide to cope 
with the enormous traffic which grows yearly. I csin hardly bo 
lieve there is any engineer in India who, if asked for an opinion, 

• an honestly state that the present bridge, or anything like it, is 
suitable either structurally or economically for the purpose for 
ivhirh it is required. A permanent and solid structure capable 
of carrying the burden it must bear, undisturbed by tide or traffic, 
'-an surely be the only one worthy of consideration or worthy of 
ralcutta. 

I have wandered far from the tojist, but l must claim that 
indulgence which is invariably accorded to the Governor after 
dinner. If I have been too long you must blame your generous 
hospitality. On behalf of your guests I lender you our heartfelt 
thanks for your generous hospitality to-night and on their behalf 
offer you their sincere good wishes for success of your conference, 
,\our personal and professional prosperity. 

Mr. S. C. Stuart Williams in proposing the toast “ The 
Institution of Engineers (India) ” said: — 

Mr. President, Your Excellency and Gentlemen, I rise with 
pleasure to propose the Toast of “The Institution of Engineers 
'India).” I feel greatly honoured by being accorded this privilege 
'or two reasons. One is that I am well aware my selection for this 
pleasurable duty is due chiefly to the fact that I am and have been 
or many years associated with undertakings, in whose operations 
he work of the engineer plays a most important part, and that 
* is therefore an indirect compliment to my brother officers who 
•re engineers. In my long association with them I have learnt 
o recognise not merely their technical ability but their ingenuity 
<nd their loyalty to one another. I have learnt to admire the skill 
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and versatility which can he applied by an engineer when in a tight 
corner to that blessed word “Contingencies” and 1 have learnt with 
expectant admiration to recognise the unvarying eortainty with 
which any departure from the path laid down by that narrow¬ 
minded man tlie Accountant, is always attributed in (lie last resort 
to an engineer who lias either retired, or lias gone to that tinal 
resting place where “the audit cease from worrying and the Chair¬ 
men grouse no more.” 

Dill in the second place, 1 am impressed by a realization of the 
intrinsic importance of this occasion, at which eminent members of 
your profession from the whole of India have honoured the city of 
Calcutta by their presence here tonight. When the subject of a 
Toast is an individual person, it is usual to speak of such a Toast 
as drinking to his health and I see no reason why we should not 
describe* ourselves as drinking the health of the Institution, in th<* 
sense that we wish it a long and prosperous life, with constantly 
increasing numbers, a corresponding increase in its bank balance 
and reserve fund and most of all, in the amount and extent-of its 
technical work and activities. Wit lout going into any great 
amount of detail, I have found from the reports of the Institution 
for the last few years that its numbers have increased from (>7S 
in 1!)L\‘{ to 7.‘5(> in IblM, !)!'!) in 1!>2.~>, J)X2 in lbiMi and Hint they now 
stand at tin* respectable total of 1(K*.‘>, These figures are sull'n ient 
to show that flu* Institution has passed beyond the stage of infamy 
to one of lusty youth, (hat it is growing in wisdom and statin' 1 
year by year, and that it possesses every prospect of attaining a 
ripe old age in the generations that are to come. 


To those of us who are accustomed to deal with figures- and 
I suppose that includes almost every one within this room- the 
tpieslion naturally arises what percentage do your Members 
represent of the total body of engineers, Cixil, Mechanical and 
Electrical within the subcontinent of India. I am not going (*• 
attempt to answer that question for several reasons, of which l 
need only give you the last and most convincing namely, that I do 
not know the proper answer. Dut 1 think I am correct in believing 
that there an* still a large number of Engineers at work in India 
who an* eligible for membership but who Inure not as yet joined 
your Institution. One reason for (his which has been suggested 
to me is that they are already members of tin* parent Institution 
in Lon<ion and that they are quite content to rest (heir oars upon 
this qualification. With all respect, to them, I suggest that it is 
possible to take another view* of the matter. They might, I think, 
look beyond the present anil they might also look beyond their own 
immediate and personal interest in the question. Beyond the 
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present, because, one cun only interpret, the significance of today 
I'V reference to Hie history of yesterday suul what so far as human 
foresight can judge, we believe tomorrow will bring forth. Amt 
I suggest to such that anyone who contemplates the great industrial 
and commercial future which must lie before India, by virtue of 
its very size and population and its natural resources, can 
entertain no doubt as to the countless possibilities of development 
in this great country. Assuming that it lias already a large and 
piosperous net work of railways, there remains the fact that as 
judged by either area or population, the mileage of railways is tar 
below the provision which exists in many other countries. Admit 
also that India possesses great and benelieenl irrigation works, lo 
which at present substantial additions are being made, it remains 
irue that there is much still to be done by the irrigation engineer 
in a country the value of whose crops is Rs. 000 ccores per annum. 
Turning lo a still older medium of transport, the load- we lind 
n facing a new and greater future b\ reason of the development of 
motor t can sport. The possibilities of road development, accom 
pauied of course by motor transport, are only beginning to be 
examined and if tin* (’ommiltee which is now at work is able to 
bring into being a body which will operate with the sameelliciency 
as the .Ministry of Transport does in England, we may look' to 
i norinous improvements both in the slate of existing roads and in 
the construction of new feeder loads in every pi evince of Hie conn 
try. Willi this road development, thero will inevitably come pari 
fxis.su t he growl h of a motor trade which will make our present 
motor trade, in itself no inconsiderable item, fade into insigui 
Uence. 1 am told that in the United States there is one car for 
every (1 inhabitants, and in India 1 for even 2,l>00- so that with 
the increasing wealth which we hope the future will biing to India, 
there is a large margin for expansion. Nor is the dav far distant 
w Ikui we should see the' beginnings of an indigenous motor indus 
try. Add to such developments the potentialities of this country 
mi the great manufacturing industries, w lien the achievements of 
science are wedded to the skill of Indian engineers and to enlarged 
liuancial resource's,—the weaving of cotton gooels of the* liner 
qualities, the' utilization of our natural resources in the 1 chemical 
Industrie's with their endless ramifications* the 1 manufacture of 
glass and pottery ami the possibilities of mining and smelting (h<‘ 
non ferrenis medals. I am md of course suggesting that such (level 
npment-. is a matter of the near future* and T admit that from some 
standpoints, one cannot regard nltogedher with equanimity the 
prospect of lnelia changing over from being primarily an agricul¬ 
tural country to becoming one which is studded with factories 
and workshops. Personally. I hope that such 1 development will be 
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of slow growth, because 1 should like to see it effected without 
recourse 1o the doubtful medium of ‘protection.* Hut I have 
ventured to suggest these possibilities on the far* horizon as 
showing the opportunities which 1 think will sooner or later come 
to members of your profession. And l suggest that those who 
launch such schemes will, inevitably, conic to utilise more and more 
the Engineer and Scientist who has been bred and trained within 
this country. If that view be correct, it must follow that your 
Association will grow with corresponding speed and strength and 
that so far as Indian Engineering is concerned, it will at some date 
in the future become the dominant body of the profession. 


I suggested also that this question should be looked at from a. 
wider stand point than that of the individual concerned. Those 
members of the Itritish Associations who have hitherto stood aloof 
might ask themselves whether their obligations towards the 
country of their adoption and towards those who have worked in 
that country under their guidance and supervision does not render 
it incumbent upon them to do what lies in their power to assist 
the Indian aspirant towards hi filler efficiency and a wider sphere 
of usefulness. Holding as 1 do that the answer to this question 
must be in the affirmative —it is with pleasure that I extract from 
a recent report made to me by the engineer in direct charge of the 
King George’s Dock where It Indian civil engineers-are employed, 
flu* following So far as possible, measures have been taken to 
give the Indian engineers opportunities to broaden their experi¬ 
ence. Lectures and discussions have, also been promoted, to enable 
them to grasp the underlying principles of the work and to expand 
their interest in sections of the work other than those on which 
they were engaged.” 


This brings me naturally to a difficult and somewhat contro 
versial subject but one which is present in the minds of most of us. 
that is to the insistent demands from young India for a larger 
share in the higher posts of administration, engineering and other 
professions. With that demand then* is a great and growing 
sympathy but it is tempered, I think, in the minds of thinking men 
with certain qualifications. If there is at present a gap between 
these high posts and the Indian aspirants, that gap can be tilled 
only in one of two ways, either by a lowering of the standard ol 
efficiency and attainment or by an improvement in the level of those 
who aspire to the higher posts. The former alternative should 1 
think—and I see other speakers have at other meetings expressed 
the same view—be definitely disowned both in the real interests of 
the aspirants themselves, and in the wider interest of the country. 
It is to the latter alternative, an improvement in educational and 
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technical equipment, in keenness, in initiative, in the habit of 
taking and bearing responsibility, by the Indian, and last but not 
least in the preservation of these qualities throughout a working 
life, to which we should nail our flag and to whieh we should 
stead lastly adhere. 

I ani aware that what I say will not satisfy everyone hut I 
doubt whether some of those 1 have in mind would be satisfied with 
anything I might say. There are some who received I lie 
announcement of any further advance in the direction desired not 
merely with indifference but with active hostility. In fact, they 
remind one of the story of the little boy, who when asked whether 
tie would like to see the little sister which (lift stork had brought 
Ibm, replied, that he did not want to see the little sister, but lie 
did want to see the stork. 


May 1 conclude by quoting a passage which seems to me to 
suggest the highest ideal which any eagiueer can place before him. 
It is taken from a well known book by a well-known American 
Kail way Engineer, Wellington’s Railroad Location. It, is as 
follows :—“The desire to do good work for its own sake is then 
'■ he only real guarantee that good work will be done; for although 
i kindly Providence lias given the latent power to do had work of 
ihis kind to every human being with a tolerably observant eye and 
intelligence enough to lay up bricks, most assuredly the power to 
>lo good work will not come by nature,” and lie concludes his 
chapter by himself making a quotation from another great 
American thinker, Emerson, whieh is, 1 think, also worthy of 
quotation : “Work is victory, wherever work is done, victory is 
obtained. There is no chance, and no blanks. \ou want but one 
verdict : if you have your own, you are secure ol the rest.’ 

If 1 felt any doubt about the reality of these sentiments it 
would be dispelled by one outstanding example of an eminent 
Indian business man and engineer who, aiming neither at money 
nor fame, has yet found both as well-earned rewards ol the 
ndustry and integrity which he lias placed ioremost throughout 
bis life—1 mean the gentleman with whose name this least is 
issoeiated—Sir Rajendra Nath Mookerjee. 

Gentlemen, 1 ask you to rise and drink the r loast The 
Institution of Engineers (India).” 


Sir Rajendranatli Mookerjee in responding to the toast “ The 
institution of Engineers (India)” said :— 

Your Excellency Mr. President and Gentlemen, I lise to 
espond to the toast of the Institution of Engineers (India) which 
Sms been so eloquently proposed by my friend, Mr. Stuart Williams, 
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in HiK'li sympathetic and instructive terms, and honoured so 
enthusiastically by you all. Looking round the table I see signs of 
surprise in your faces as to why I should again conn* tip before you 
to respond to this toast. I can assure you that I am not so 
ambitious, at my age, to force myself into (his honour, but all 
other past Presidents excepting Mr. Knrkiusliaw are abroad at the 
moment and Mr. liurkinshaw lias been commanded by his doctors 
not to strain his voice. Apart from the disadvantage to me, I am 
painfully conscious of the disappointment 1 will cause to you all. 
1 have not been in close touch with the work of the Institution 
during the last two years owing to my varied public duties which 
necessitated my absence from Calcutta fora considerable time. 
Indeed, I feel lnyseft to be a back number now, being the senior- 
most past President, having had the honour of being elected as 
President at the Inaugural Meeting of the Institution. Still 1 wish 
to express, however feeble my voice is, both in my personal capacity 
and on behalf of the Institution, our grateful thanks to Mr. Stuart 
Williams for his appreciation of the Institution's work and the 
kind and Hat taring words he has said about me only to make rue 
blusli before so many young men. Mr. Stuart Williams occupies 
an eminent position and his encouraging words will stimulate 
livelv interest in the Institution's work. 


Mr. Stuart Williams has, with some reason, twitted tin* 
Engineer for sheltering his estimates behind " contingencies.” 
Perhaps he forgets for the moment that no administrative officer 
from the Chancellor of the Exchequer downwards, not even the 
Chairman of the Port Commissioners, can escape from the use of 
this very useful provision. The Engineer has some justification, 
for when he digs the ground he cannot know what difficulties each 
foot of the mother earth may bring forth and may upset his care 
fully worked estimates. The narrow-minded Accountant has also 
come in for Mr. Stuart Williams’ banter, but here too I am afraid 
there is no escape. 1 have heard high officials of Govern men i 
swearing at Accountant-Generals for disallowing travelling bills. 
Hut I am not sure whether such trilling items pertaining to the 
Chairmanship of the Port Trust are subject to audit ; if not, I con 
gra til late Mr. Stuart Williams on his exceptional luck. 


I heartily endorse every word of Mr. Stuart Williams’ speech 
wherein he makes a forcible appeal to engineers who are members 
of the parent Institution in London and have not joined our 
Institution. I hope his message will be read by all and carry ton 
viction to their minds. 


The wise and encouraging words, which Mr. Stuart Williams 
has said about Indianisation, are very welcome to ns Indians. I 
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thank the Port Commissioners on the methods they have adopted to 
lrain tin* young Indian engineers. As an Indian, I have no hesi¬ 
tation in affirming that we appreciate the need of the development 
of those qualities on which Mr. Stuart Williams has laid emphasis 
hut, provided skill and efficiency are equal, preference should he 
given to an engineer of Indian domicile in his own country. 

It, is essential that the status of the Institution should he clearly 
established and it was with this object that both at the Inaugural 
Meeting and on I la* occasion of the Fourth Annual Dinner 1 pleaded 
for directing our a Hurts towards raising a reserve fund of a lakh of 
rupees, having a home of our own and increasing our membership 
roll, conditions, which I was told in a casual * conversation by the 
then Viceroy Lord Chelmsford and Sir Thomas Holland, might 
secure for the Institution a Royal Charter of Incorporation. 1 
appeal to you again to strive to fulfil these conditions, for the 
Royal Charter means a recognised status which in turn will accele¬ 
rate the pare of progress. As an earnest of this appeal 1 promise 
a contribution of Rs. 10,000, i.e. Rupees Five thousand each from 
the firms of Martin and Company and Hum and Company respec¬ 
tively, provided the Institution can raise an aggregate of Rupees 
Fifty thousand from other engineering linns of India. 

In conclusion. Gentlemen, I thank you for the cordial manner 
in which you have* received the toast of the Institution and for your 
good wishes for success which Mr. Stuart Williams eloquently con- 
\eyed in proposing the toast. 



WATER SUPPLY BY DECENTRALIZED 

STORAGE. 


BY 

F. C. GRIFFIN, Member. 


GENERAL. 

Maintenance charges in connection with the municipal water 
supplies of Bengal are met principally from income obtained by 
the imposition of water rates. In many waterworks in different 
parts of the world, the income is obtained solely by charging for 
quantity consumed, as measured by meter. This is a satisfactory 
method, and has been applied in Bengal at Kalimpong (a non¬ 
municipal area) without any difficulties having arisen. It is 
however not applicable to the municipalities of Bengal*-, for the 
simple reason that the large majority of the people are too poor 
to be able to afford house connections. In order to give such people 
drinking water, street standposts have to be erected, from which 
they carry away water in their own vessels. Obviously it would be 
impossible to maintain the waterworks unless these people were 
called upon to pay something, and also it would be unfair to let 
them have water free of any charge while the few people who have 
house connections met the whole cost by their meter payments. 
Under such circumstances no one would take house connections. 
The imposition of water rate is therefore necessary, and this is 
based on the valuation of holdings, so that householders pay 
according to their means. 

In addition to the street supply, however, householders who 
can afford it are allowed the privilege of a. private house connec¬ 
tion. They have to pay the whole cost of such connections, and 
in addition are generally called upon to pay a fee or “ contribu¬ 
tion ” to the general waterworks funds. But in practice this has 
introduced a very serious difficulty. The householder who pays 
his water rate is under the impression that he can take as much 
water as will run out of his taps. He and his family do not 
trouble to turn off the taps, in fact he lets them get out of order, 
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and remain so, and great waste of water occurs. To combat this 
difficulty, a system of metering of house connections has been put 
into practice. The meters are supposed to be read regularly, and 
a charge made for excess consumption. According to a code of 
by-laws, a free allowance is settled for each house,—based on the 
amount of water rate paid,—and any water consumed beyond 
that allowance is to be paid for at a certain rate per 1,000 gallons. 
The intention of this arrangement is twofold, first, that the 
householder, knowing that his allowance is limited, will economize 
water so as to avoid the payments for excess consumption, second, 
that a n additional source of income will he found in such excess 
consumption charges as are imposed. 


In practice, however, the system has not worked well, aud 
attention is drawn to the following statement, which shews the; 
position with regard to metering in the principal waterworks of 


Bengal. 


111 




Number of 



Name of Waterworks. 


House 


Meters 

Meters 




connec- 

fixed. 

in 

read regu- 




tions. 

order. 

larly. 

_— 



#■ 




1 

Serampore .. 

• • 

456 

62 

7 

7 

2. 

Hooghly-Chinsurah 

• • 

700 

696 

447 

Reported 

Nil. 






in order 


3. 

Uttarpara 

• • 

118 

115 

106 

U5 

4. 

Howrah 

• • 

7077 

1228 

1132 

1132 

5. 

Burdwan 

• • 

606 

6 

6 

6 

6. 

Midnapore .. 

• « 

116 

113 

Not known 

Nil. 

7. 

Berhampore (under the 






control of Public Health 


239 

198 

239 


Deptt., Bengal) 

. • 

239 

8. 

Krishnagar ., 


156 

156 

154 

156 

9. 

Barisal 


80 

80 

2 

2 

10. 

Darjeeling .. 


529 

183 

175 

183 

11. 

Dacca 

• > 

1730 

589 

180 

180 

12. 

Chittagong .. 

■ ■ 

540 

432 

379 

379 

13. 

Comilla 

■ • 

137 

55 

Not 

read 

14. 

Mymensingh 

• • 

345 

83 

75 

(275 meters 

75 

purchased) 

IS. 

Narayaoganj 

• • 

473 

47 

Not known 

Nil. 


E 1 
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WitJt regard to this negligence in metering, a fact should 
be mentioned which applies to the older water-works. In the 
case of house connections which were given prior to 1910, the 
Municipality has not yet been given powers by which it can 
oblige the householder to meter his connection at his own expense. 
Meters could however be fixed at the expense of the Municipality 
A perusal of the statement leads one to the conclusion that tla 
policy of charge by combined water rate and meter has not 
up to the present been successful in Bengal. The fact of the case 
is that metering is often looked upon with disfavour by municipal 
authorities, and when meters are fixed, they are often allowed to 
get out of order or are not read. 

And for a full appreciation of the circumstances one must 
put oneself in the position of an average householder,—the, man 
who pays his rates and who really wishes to avoid doing anything 
detrimental to the waterworks. He does not waste the water 
himself, and being away on business all day does not know what, 
wasting is done by his family or servants. In fact he has no 
means of knowing whether u waste ” has occurred.— i.c ., whether 
his free allowance is being exceeded, until souk* time after the 
end of the quarter, when he is suddenly faced with a bill. Being 
a man of moderate means, he naturally objects to pay this, 
especially as it is in the nature of a tine.—a payment for a thing 
not really received (actually the water ran away down the street 
drain!), lie calls on his neighbour to ventilate his grievance, 
and finds him ready to lend a sympathetic ear, as he is in the 
same position, others are brought into the discussion, and 
finally a plot is hatched whereby some method of evasion of 
payment for excess consumption is devised. 

As will he seen later on, the system now suggested would 
put the householder in a very different position. On his return 
home from business, be will find out at once that waste of water 
has occurred. He will immediately discover the culprit and will 
suitably chastise him, and thereafter such waste of water will 
not occur again. He will himself look round his taps, and when 
he finds one requiring a new washer, will at once send for the 
plumber and have it put right. 

In addition to the wilful and careless waste already men 
tioned, there are hoAvever forms of waste which are, to a certain 
extent, unavoidable in the present system of water supply. Owing 
to shortage of funds, it is impossible to construct waterworks of 
anything more than a very limited capacity for Bengal muni 
cipalities, and in order to ensure that everybody gets some 
amount of water, intermittent supply has to be resorted to. The 
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people of Bengal municipalities have grown accustomed to the 
idea of intermittent water supply, si net; they have never known a 
continuous one, and an intermittent supply is hotter than none 
at all. Such a form of supply however brings with it a train of 
evils, the. chief of which is that waste of water is actually caused 
by it. For a householder, knowing that the supply will he avail 
able for only a short time, draws considerably more water than 
he wants at the moment, and stores it, generally in open vessels 
or tanks (chowbatchas ). Only a part of the water is used, and 
the remainder lies in the open tank, exposed to any accidental 
pollution. When pressure comes on the mains again, the 
rhoirbafeha is lirst completely emptied, and is thou reiilled with 
Iresli water. This is a practice which cannot be condemned, 
although it means great waste of water, for the water remaining 
in the open tank cannot be considered safe for drinking. The 
remedy for the wastage lies in the abolition of the choubatclia 
and the substitution of a covered tank with locked lid, arranged 
so that pollution cannot take place. The amount of wafer wasted 
from a choirhatvha would in many cases lie suJKcient to supply an 
additional house connection, and the present waste of water in a 
few connect ions prevents the making of more connections which 
are urgently required. , 


The intermitteney of household supply is in addition a source 
of annoyance and expense to the consumer, annoyance in that 
some times he happens to have no wafer stored, and on coming 
to the tap tinds u<> water there either,-- and expense in that he has 
to provide additional vessels for storage. 

The following method of waterworks design will overcome 
fb<‘ dilliculties referred to above and will in most cases give a 
supply at reduced capital cost. The main point of difference 
from the present system is that the necessary storage will be 
decentralized; in other words, that small storage reservoirs on 
the roofs of houses and at the sides of roads wi 11 he substituted 
for the central reservoir. 


In the present system, water is pumped lrom the source of 
mpply at a constant speed into a central reservoir from ’which 
t gravitates to the consumer at a speed varying with the demand. 
\ny excess demand beyond the pumping rate is made up by the 
water stored during the time wdien consumption is less than the 
minping rate. The pipes of the distribution system are designed 
o supply the maximum demand, which may be anything from 
'vo to five times the average. 
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Theoretically this system of design is the best, and, in 
countries where the climate and the habits of the people do not 
conduce to excessive waste, it cannot be improved upon. It 
should be clearly understood that the author is not putting 
forward these suggestions as a general improvement on the 
existing system, but as a means of meeting the particular needs and 
conditions of Bengal. In Bengal, indeed in most parts of India, 
the climate is such that both rich and poor, European and Indian, 
tend to use water very extravagantly. In wealthy communities, 
the way to meet the situation is obvious, viz., to supply abundant 
water. But the mul'ussil towns of Bengal are the reverse of 
wealthy communities, and yet the vital necessity remains,—that 
of providing a pure water supply. The quantity given must at 
least be sufficient, to supply every one with water for drinking 
and cooking. Something must be done therefore to meet the 
requirements in such a manner that wastage will be prevented. 

The author also wishes to make it clear that he does not 
claim that his proposals are all novel. Supply of water without 
central storage and direct into road side tanks has already been 
put into practice in a few towns of Bengal, and a number of 
schemes have been designed on this basis. In other water-supply 
schemes in different parts of the world house supply is being done 
from roof storage tanks. The present proposal is simply that the 
application of the system be extended and be made more prac¬ 
ticable by means of a generally higher pressure of supply, and 
that the principles and rules under which house connections are 
given in Bengal should be elmuged. 

DESIGN OF THE SYSTEM. 

The general principle of the system is then that, in addition 
to street, storage tanks, each house connected to the mains will 
have a storage tank on its roof, or in an upper storey at such 
a level that it will command all the taps required in the house*. 
The connection from the street main to the tank will be controlled 
by “ cheek pipes ” (to he described later) so that only the quantity 
of water to which the householder is entitled will pass during 
the hours of pumping. The outlet from the tank will he a larges 
pipe connecting to as many taps as the householder desires 
During the hours when the household demand is nil or very small, 
the water level in the tank will rise, and during the hours of 
heavy demand the water level will fall. In this system, economy 
in the use of water by the householder would be automatically 
obtained. If one person leaves the tap running or uses an 
unnecessary amount of water in his bath, the supply in the tank 
will be exhausted, and others will have to wait until it has had 
time to recuperate. The head of the house will see to it therefore 
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that such waste does not occur. The capacity of the storage 
1 a 11 k should he of at least one day’s consumption] so that as a rule 
the tank would not become empty except by excessive use of the 
w ater. 

The engineering points involved in such a system will now 
be considered seriatim. 

THE CENTRAL PUMPING STATION. 

Pumping will have to be carried on for the same number of 
hours each day in spite of variations in the daily demand. 
There will also be variations in the demand during the 
day, owing to the closing of the ball valves in those tanks which 
have become full, or re-opening of the same. It follows therefore 
that a pumping installation must he installed eapnhle of main¬ 
taining a constant head in spite of varying demand. With steam 
plant this is perfectly simple, as it can he worked at any speed. 
The speed of an oil engine however can only he varied by about 
10 per cent while it is running, so that in oil driven plant, one 
of different alternatives must be adopted, some of which are:— 

(a) The supply to be given by centrifugal pump. This form of 
pump will deliver a varying quantity of water at a practi¬ 
cally constant head, and it is possible to run such a pump 
against the pressure in a closed main. If no water is 
being drawn off, the water will simply slip at the pump. 
This method is not however to be recommended, since the 
full horse power of* the engine is being absorbed although 
no water may be delivered by the pump. 

(h) Rome form of variable speed gear may be inserted between 
the engine and the pump. In this liue there are recent 
inventions, notably the “ P. I. V.” (Positively Infinitely 
Variable) gear, and the Keenok gear. The writer has not 
yet had an opportunity of testing either of these mecha¬ 
nisms, but lie is confident that it is not beyond the power 
of the modern mechanical engineer to produce a really 
satisfactory intinitely variable speed gear, capable of trans¬ 
mitting such horse-powers as are generally required in 
waterworks pumping plant. 

(c) The pumping capacity may be divided betweeu smaller 
units, and the drive can be through a counter-shaft with 
fast and loose pulleys, so that one, two, or three pumps 
can be thrown in as required. 

(d) In three-throw ram pumps, the pump may be designed- 
so that either of the rams can be independently by passed. 
This system, combined with the available variation in speed 
on the engine, would give the required variation in supply. 
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The man on duty in Hie pumping station would have to keep 
an eye on the pressure gauge, and vary the machinery as required 
in order to keep the pressure constant. A Bristol automatic 
pressure recorder would also lie fixed in the pumping station, in 
order to check the work of the attendant and to maintain a 
record wherewith to combat complaints which might be received 
as to shortage of pressure. 


In the case of pumping direct from a clear water reservoir 
or from a tube well, it would be advisable to insert a large air- 
vessel immediately after the pumps, or else a standpipe. When 
pumping direct through a pressure filtration plant, an elevated 
storage of a small quantity of wash water is required, and (his 
elevated reservoir may be used as a pressure regulator. One 
method by which this can he done is shewn in the diagram, 
Plate I. 


HOURS OF PUMPING. 

The pumping machinery, filtration plant (if any), and distri¬ 
bution system will of course be designed to supply in a certain 
number of hours the maximum daily quantity of water required. 
This number of hours varies according to circumstances, hut is 
generally taken as eight,—the ordinary duration of one shift. For 
pumping station attendants however, this can he stretched to ten. 
The number of hours should be as long as possible, as thereby the 
capacities of pumping and filtration plants can be reduced and 
consequently a reduction in capital cost effected. The question 
as to whether a further reduction in capital cost is necessary at 
the expense of an increase in maintenance cost (by working two 
shifts) is a matter for consideration in each individual case. Out¬ 
point must however be made clear, w,, that in this proposed 
system of supply, pumping will have to be carried on for the full 
number of hours per day right, from the commencement of opera 
tion of the waterworks, since each house connection pipe will he 
regulated so that the required quantity of water passes in tin- 
fixed number of hours. This may be advanced as an argument 
against the proposed system, but it has not much force, since in 
most waterworks that have been started, a very considerable 
number of house connections have been made within a short time, 
and the full demand has soon come on to the system. So that the 
lack of economy caused by long hours of pumping in spite of 
small supply will be of short duration. 


DISTRIBUTION SYSTEM 

As has already been stated, in the usual method of water 
works design, the distribution system is arranged to deliver water 
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at a rate 1 to o times the average. In the proposed system the 
pipes can he designed to deliver at the average rate, "since the 
storage is at the end of the mains instead of at the beginning. 
This means an economy in the pipes, but against the reduction 
in the size of pipes enabled thereby must he placed the need for 
an ample capacity so that the drop in pressure due to friction 
losses will he small. In order to maintain a conslaint llow 
through a service pipe and give a fixed number of gallons per day 
10 the house, it is necessary that a practically constant pressure 
shall he maintained on the street main from which the house 
connection is takeu. In order to provide a distribution system 
economical in Jirst cost, it is therefore proposed that the town 
should he divided into zones of supply. The pipes within each 
/one will be of ample size so that the drop in pressure in them 
is very small. Each zone will he fed at its centre l>\ the trunk 
main from the pumps, and at that centre will he placed a pressure 
reducing valve. The function of the* reducing valve* is to give a 
constant pressure at its outlet in spite of a varying pressure at 
its inlet. The usual drop in pressure may therefore* be allowed 
m the trunk main, and a constant pressure (which must he a little 
more than the height of the highest house to he supplied), will 
lie maintained in the branch or zone mains. This method of 
distribution will also enable the eleven!ralized system to In* applied 
(o towns in which there* are. dilferences of level, for the zones can 
Im* arranged in areas of about tin* same level, and constant 
pressures thus maintained. 

Plate IT shews a plan of a distribution system designed on 
lliese principles, while Plate III gives a. longitudinal section 
shewing the hydraulic gradients. The example taken is that 
English Jiazar. a town in the Malda district of North-West 
iiengal, having lo,000 inhabitants to he supplied with 100,000 
gallons of water per day. The town naturally divides itself into 
six zones, and these can be fed by the pipe system shewn. It will 
la* seen that near the pumping station there are no houses except 
three large ones, the Collector’s and Police Superintendent’s 
quarters, and the Dak Bungalow. It would he scarcely necessary 
to put in a separate zone and reducing valve for these three 
houses. They can he connected direct to the trunk main, and 
would in consequence have a larger number of check pipes. The 
pressure in the trunk main near the pumping station will be fairly 
■ onstant aud therefore the How to the storage tanks of these 
houses will be sufficiently regular. 

Plate III is a section on the longer of the two trunk mains, 
continuing through zone No. IV, and is self-explanatory. 
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SERVICE KITES. 

The function of the service pipe is to deliver w^ter from the 
street main direct to the roof tank. It is to be regulated so that 
it will deliver not more than a certain number of gallons during 
the hours of pumping. That number of gallons will correspond 
to the amount of water rate paid by the householder, according 
to a fixed table of allowances. Rules will have to be formulated 
fixing the allowances and regulating the granting of house con¬ 
nections. A draft code of Rules is given in (lie appendix, and 
these Avill be further discussed later. For the present however 
it Avill be seen that a service pipe is to deliver a certain number 
of gallons at a uniform rate during the whole of the pumping 
hours. Its size can therefore be smaller than a service pipe under 
the present conditions of supply,—conditions under Avhich the 
pipe is generally required to deliver nearly (he whole of the daih 
supply in 2 or 3 hours. A V' service pipe will he found sufficient, 
in all ordinary cases and in many eases a pipe will deliver all 
the water required. Rut the pipe must be provided Avith sonic 
means Avhereby tlie flow can be cut down to the rate at which only 
the required daily quantity passes. Obviously from the purely 
mechanical standpoint, the simplest thing would be to insert :i 
tap, which can he regulated down until the required flow passes. 
Rut a tap, and even a locked tap, would afford too great a- tempta¬ 
tion. and could he too easily opened so as to allow more than the 
stipulated quantity of Avator to pass. To overcome this difficulty, 
the system of check pipes, shewn in Plate IV, is suggested. In 
this, the connection is coupled on to the main by means of an 
ordinary ferrule,—a stop ferrule Avould he unnecessary. A stop 
tap is required for completely shutting off the connection when 
necessary, and this should be placed in a surface box at the flank 
of the road. Next to the stop tap,—and accessible from the same 
surface box,—is a fitting containing a coarse strainer, the function 
of which is to catch any bits of scale or other solids which might 
fclioke tlie check pipes. Immediate following, and still in the 
public street, are the cheek pipes. These consist of 6" lengths 
of pipe, with eopper tubes inside them run in with pitch or 
lead, as shewn in figure 2 of Plate IV. The size of the copper 
tubes will be tV\ or y, as required, and the number of check 
pipes to he put in series will he determined by experiment in each 
case. After the roof tank is fixed, and when pressure is on the 
main, it will be an easy matter to arrive by trial and error at the 
number of check pipes required. The rise of water in the tank 
can be measured for say half an hour, and from that the rate of 
flow can be seen. After the first few connections have been made, 
the fitters will be able to decide on the right number of check pipes 
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very quickly. Experiments have been made with a few cheek 
pipes, the results of which are given in the following table:— 


Test. 

Size of 
copper tube 
inside the 

Length and Particulars. 

1 

Discharge in gal¬ 
lons per hour 
under head of 


i” pipe. 

i 

1 

5 ft. 

10 ft. ( 

15 ft. 

1 

1/4” 

One length, V—0” long 

54 j 

78 

102 

2 

11 

The same tube cut into two pieces and 
joined by two j” sockets with j”i 
nipple between 

1 1 

48 

72 

90 

3 

»» 

iThe same again, but joined by one i” 
j socket so that the space between the 
! ends of the i” tubes was a little less 
than i” 

51 

i 

78 

96 

4 

* i 

Two 1’—0” lengths in series 

i 

30 

42 

60 

5 

»t 

j Three 1’ — 0” lengths in series 

27 

36 

48 

6 

3/16” 

|One length 1’—0” long, with slight 
; bends at the ends 

345 

49-5 

60 

7 

1/8* * 

Two T—0” lengths miseries 

975 

! 15 

I 

165 


Test No. 2 in comparison with No. 1 is interesting as shewing 
(lie effect of making a break iu the copper tube and introducing a, 
little chamber between the two ends in which Joss of head takes 


place by eddies. No. «‘l test shows that the two ends of copper 
tube must be separated by a sufficient distance in order to allow 
such eddies to take full effect. Cheek pipes as shewn will be made 
quite cheaply. A good length of pipe would be run at one time, 
and would be subsequently cut up into (>" lengths, the ends ol 
which would then be threaded. The ends of the copper tubes must 
not of course be bell-mouthed. 


It will be seen that the object of the substitution of check 
pipes for a partially closed tap is that, in this method ol regulation, 
if will be a somewhat prolonged and difficult operation to make the 
alterations necessary to get more water, and that such alteration 
can only be made publicly and in broad daylight, and consequently 
with the consent of the municipal authority. 


ROOF TANKS. 

It is important that the roof tanks shall be installed in a 
proper manner. To drop 8 tank on a roof in the casual fashion 


with which many of the roof tanks in Calcutta have been treated 
is not at all in conformity with the present proposals. Suggested 
arrangements for the roof tank are shewn in the drawing Plate V. 
Galvanized iron tanks will generally be used, but any householder 
who is willing to spend a little more money should be encouraged 
to put in a reinforced concrete tank. The capacity will be usually 
about a day’s supply, but if a householder wishes to have more 
storage so that surplus water from one day may be used the next, 
there is no reason why he should not provide larger tanks. In a 
town in which filtered water is used for water closets, a house 
provided with sanitary fittings should have two separate storage 
tanks, one for drinking water and one for Hushing water. The 
prineiples to be observed in the installation of the tanks are: — 

(u) The tanks must be protected from the weather, especially 
the heat of the sun. To this eud the tanks may he placed 
in an upper storey, or if placed on the roof, must be provided 
with a covering. Alternative methods are shewn on the 
drawing. 

(b) From the bottom of the tank,—not the side,—one large 
sized down pipe is to run right down to the ground, ter¬ 
minating in a valve of the same size. Branches are to be 
taken off this main pipe to the various taps as required. 
The object of the large pipe to ground level is that the lower 
end of the pipe will act as a sump for collecting any sedi¬ 
ment that may form. This may be removed periodically, 
and the tank washed out by simply opening the valve at 
ground level. 

(c) Both the up and the down pipes should be fixed on the 
north wall of the house thereby getting protection from the 
sun. 

It is a fact that in England storage tanks are often looked 
upon with disfavour. But the Eastern house and the European 
house are quite different. In England the storage tank has, to be 
tucked away under a sloping roof and is always difficult of access 
for cleaning purposes. In Bengal all the roofs are flat, and in 
most cases the roof is made accessible by a staircase. A tank 
placed on the roof will therefore he easily accessible, and will not 
be forgotten. 

The responsibility for the installation and maintenance of the 
roof tank will he placed upon the householder. This is arranged 
for in the draft rules. 
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In the case of a house in which the structure is too weak to 
carry the weight of a tank, a steel staging may be resorted to if 
the householder is prepared to pay for getting his water at an 
elevation. Otherwise a tank at ground level may be installed. 

STREET TANKS. 

For the street supply, storage is again necessary. Tanks on 
pedefctals may be placed at road junctions or other convenient 
points. Two designs for tanks are shewn at figures 1 and 2 on 
Plate VI,—many other arrangements are possible, in the case 
of a narrow bazar street where there is no room for tanks, one 
larger tank may be placed on the nearest open space, and a pipe 
run along to feed a few standposts in the street. The tank may 
be placed about 8 feet above ground, and may be made into a 
street shelter, as shewn at figure 3 on Plato VI. in each case, 
the number of people likely to draw water from a particular tank 
must be estimated, and the connecting pipe, with its check pipes, 
must be regulated so that the quantity of water to which they are 
entitled according to the design of the scheme passes into the tank 
during the hours of pumping. In most Bengal towns people of 
one community live together in one section (or muhallah) of the 
town. Arrangement would always he made so that each malialhth 
would have at least one tank to itself, and communal difficulties 
would thereby be obviated. 

All tanks, either in the street or on roofs, will of course he 
provided with ball-valves, so that, when water is not being drawn 
off at tbe maximum rate provided for, the ball-valve will rise on 
the tank becoming full, and wastage will be prevented. 

FIRE PREVENTION. 

In practically none of the waterworks in Bengal have fire 
hydrants been fitted. Very few of the smaller municipalities 
possess fire appliances of any description. Even if fire engines 
or hand pumps were installed, there are generally plenty of tanks 
from which water could be drawn, so that the waterworks would 
not he called upon to supply water. Nevertheless, fire hydrants 
could be provided in the proposed system, though of course they 
would have to he kept securely locked. A water jet would he 
more efficient in this system owing to the higher pressure. The 
reducing valves could be of the type in which a fitting is 
provided whereby they can lie temporarily thrown out of action, 
and the full pressure given to the zone. The feeding of roof 
tanks would of course he upset for the time lieing, hut that would 
he only of rare occurrence. 
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The best system for watering the streets is to use water-carts, 
and these could be conveniently filled at the large tanlcs, as illus¬ 
trated in figure 3, Plate VI. The system of watering by jet is not 
a good one in any case, as it leads to waste of water and reduction 
of pressure due to leaking ground hydrants, and also breaks up 
and washes away the road surfacing material. 

MODEL RULES. 

A suggested code of Rules is given in the appendix. The 
various points in connection therewith can be seen from the 
following explanation of the rules, taking them seriatim : — 

Preamble .—This is similar to the preamble of the existing 
rules. 

Rule 1 .—This is self-explanatory. It is considered advan¬ 
tageous to have the house connection rules printed on the back 
of every application form, so that there can be no question of a 
householder not having seen the rules. 

Rule 2 .—A fee will be taken, as in the present system. The 
amount of the fee will however be less, as explained hereafter. 

Rule 3 .—This rule must be more rigidly enforced in the 
proposed system than in the present system. 

Rules 4 & 5.—Since the regulation of the quantity of water 
depends on the service pipe, it is important that the Municipality 
shall retain control of the same. Hence the proposal that the 
service pipe and its appurtenances shall be provided by the 
Municipality and shall remain its property. 

It is proposed that the sketch plan of a typical installation 
be multiplied off, and that a copy of the plan be given to every 
householder who takes a connection. There will then be no 
excuse for failure to understand how the wash-out pipe should be 
fixed, the tank protected from sun heat, etc., etc. 

Rules 0, 7 & 3 .—The cost of the part of the house connection 
to be paid for by the householder will be a little more than the 
amount he has to pay according to the present system. He will 
not have to pay for a meter, nor the service pipe up to his roof, 
but the cost of the tank, with protection over it, etc., will be ' 
greater than the savings,. If the total cost of a house connection 
under this system is to be greater, the system will not be popular. 
It is therefore proposed that the fee payable under rule 2 shall 
be reduced so as to make the total cost of an average connection 
about the same as at present. 
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The quality and the capacity of the storage tank (or tanks) 
will be left to the decision of the householder. Some will prefer 
to spend a little extra money and have ample storage and tanks 
of stronger material, while others will do the work as cheaply as 
possible. This does not matter to the water works .--the tank 
belongs to the householder,—a cheap tank will not last so long 
as an expensive one. The capacity makes no difference to the 
daily quantity of water supplied. A capacity of about one day's 
supply will generally be found sufficient. 

The cost of an average connection works out to between 
Ks. 270 and Ks. 300, which is about Its. 100 more than the cost 
of a connection on the present system. 

Rule 9 .—Under the proposed new system, water rate will be 
imposed as heretofore according to the valuation of the holding. 
The service pipe will bo made such that approximately the daily 
quantity of water to which the householder is entitled will reach 
the storage tank during the hours of pumping,—that amount and 
no more. Several difficulties in the present system of water 
supply are met. and dealt with by this rule: — 

(a) At tliq lower limit, the case of the poor man who lives in 
a very small house and cannot affrfrd to pay much water 
rate is dealt with, in that however small the water rate he 
pays, he will not get less than J20 gallons per day. 

(b) At the upper limit the case of the rich man, living in a 
big house, is dealt with. Owing to the large amount of 
water rate he pays, he would under the old rules be entitled 
to a great deal more water than he can possibly use legiti¬ 
mately, and his household would therefore waste it. In 
these rules a limit is set to the quantity of water to be given. 

(e) The case of the man of moderate means but with a large 
family is also dealt with. Such a man would probably have 
to live in a small house, and if he received only the amount 
of water to which lie Avould he entitled by the assessed water 
rate, the amount might not be sufficient for the number of 
people in his household. Rut in this rule there is nothing 
to prevent him from voluntarily paying a higher water 
rate than that at which he is assessed, thereby entitling 
himself to a larger daily water supply. It is only fair that 
he should pay more for water if he requires more. Water 
which has been pumped and filtered costs money, and must 
be paid for, and the fact that a man has a bigger family 
than his neighbour is no reason why he should have a 
greater supply of water unless he pays for it,—just as with 
food or clothing. 
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p7) In tlu» nilo, the words “ shall bo entitled to,” which 
appear in No. 15 of tin* old rules, arc retained. This does 
not involve the Municipality in any legal obligation to 
supply the exact quantity of water specified, although it 
implies that they will endeavour to supply that amount. 

Itulv* 10, 11, Li and Id .—These rules are framed to deal with 
special occasions such as marriage ceremonies, etc., when a house 
holder may have for a short time a large increase in the number 
of inmates of his house. On these occasions a man is quite 
prepared to pay extra for extra water obtained. The rates ol 
payment in rule 10 should however be made fairly high so as to 
discourage the retention of the temporary connection for longer 
than necessary. The lump sum prepayment stipulated in rule Id 
will be based on the cost of putting in the 1 connection and subse 
quently removing the same, plus hire and depreciation charges 
for the materials used. 

The service pipe referred to in rule 1L will again be provided 
with check pipes so that only the daily quantity of water agreed 
upon can flow to the tank. 

If at any time the quantity of water a householder is getting 
from his ordinary connection, or from his, ordinary connection 
and temporary connection combined, is insufficient for Ids require 
inents, it must be remembered that the nearest street tap is 
always available to him, and that he can send someone to fetch 
water from it. 

7 title /}.—This is a similar ruh‘ to No. 1(5 of tin 1 old rules. 

Ifiilc Id .— This is a useful improvement on the latter part of 
the rule 0 of the old rules. 

Rule 10. —Ik tin* same as rule lb of the old rules. 

llule 17. — Is a protective clause which may be usefully inserted. 

(CONCLUSION. 

With the proposed system, the following advantages will be 
gained : — 

(«) Motors will be unnecessary, and with their abolition tlu* 
cost of reading them, of testing them, of repairing them 
and of sending out bills for excess consumption and realizing 
the money, will be avoided. 

(b) Economy in the use of water by a household will be auto 
matieally obtained, with the consequent possibility of main 
taining an efficient waterworks at moderate cost. 



11 


GRIFFIN ON WATER SUPPLY. 

(c) The boon of continuous supply in the house is given. 

(d) Schemes can be canoed out at a cost a little lower I ban 
in the present system. The cost of central storage will in 
some eases lu* entirely saved, and in other eases largely so, 
and the cost of flu* trunk main will be reduced. Against this 
saving the street tanks, the service pipes and spare tanks 
are to be paid for. together with a slightly increased cost 
of machinerv, but on tin* whole there will he a sating. In 
connection with this, the reduced income from house con¬ 
nection fees must also be considered. 

It may be argued 1 hat in a waterworks of (his description, 
as with any other, failure will soon occur owing to the demand 
getting ahead of the supply.. Hut. it should lx* noted that with 
the proposed arrangement, the probable course of events will 
assist in bringing about the proper remedy for inc reased demand. 
The works will of course he designed to supply a certain number of 
street and roof tanks. As soon as that number is exceeded, the very 
nrst effect will be that the owners of the biggest and highest houses 
will liiul that they are not getting their full daily allowance. The 
owner of such a license, if not actually a municipal commissioner, 
will lx; an influential man, and lie* will at mice demand to know 
Hit; reason of his shortage* of supply. Encpiiry from the; water¬ 
works superintendent will elicit the* fact that the reason is simply 
that a few connections have been given beyond the* capac ity of the 
waterworks. Such owner will therefore* use* his influence to 
ensure that no more connections are given) until the supply is 
increased, and the municipality will he urged to prepare and 
linanee a proper extension scheme. J'*y a properly executed 
extension scheme tin* increased demand can of course he* met.. 
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REVISED MODEL RULES. 

So long as the Commissioners deem it practicable and 
consistent with tlie maintenance of an efficient water supply, they 
may grant to any owner or occupier of a holding paying a water 
rate imposed under the provisions of Part VII of the Bengal 
Municipal Act, 1884, on the annual value of such holding, when 
such annual value is not less than Rs. , a con¬ 

necting pipe from the service pipes of the Commissioners for the 
purpose of leading water to such holding for domestic purposes 
only, subject to the following rules and conditions: — 

3. The owner or occupier of any holding requiring water to 
be laid on to such holding for domestic purposes must apply for 
the same on the printed form £ A ’ to be supplied free of cost, at 
the Municipal Office. The form states the rules on which a house 
connection will be given, and the owner or occupier must sign 
the statement undertaking to observe the rules before a house con¬ 
nection will be given. 

2. A fee of Rs.must be paid to the 

Commissioners by such owner or occupier for each connection to 
a municipal main supply pipe before any w'ork is commenced, such 
fee to be in addition to all other costs and charges imposed under 
these rules. 

3. Each holding must have a separate connection to the 
municipal main supply pipe, and extension from the communica¬ 
tion pipe of one holding to another holding shall not be permitted. 

4. The connection shall consist of two portions:— 

(а) the service pipe, comprising ferrule, stop-cock, check 
pipes, and connecting pipe from the street main to the roof 
of the house or other point at which the storage tank is fixed; 
and 

(б) the storage tank (or tanks) suitably covered and 
protected, with locked lid, ball valve, stop valve, overflow 
pipe, outlet pipes, taps, wash-out valve, and other necessary 
accessories. A typical storage tank with appurtenances is 
shewn on the attached sketch plan. 
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5. The portion (a) referred to in rule 4 shall be provided 
and fixed by and at the expense of the Municipality, and the pipes 
and fittings shall remain the property of the Municipality. The 
owner or occupier shall not permit the service pipe or any part 
thereof to be altered, removed, or interfered with by any person 
other than an authorized representative of the Municipality. 

6. The portion (6) referred to in rule 4 shall he provided aud 
lixed at the expense of the owner or occupier, and must be main¬ 
tained by him in good working order. 

7. The storage tanks referred to in rule 1 (6) must be durable 
and water-tight, and the ball valve and other fittings must be 
exact duplicates of standard samples kept in the office of the 
Commissioners and approved by them at a meeting. The storage 
(ank or tanks must he periodically cleaned and sterilized at the 
expense of the owner or occupier. 

8. Every storage tank shall be fitted with au overflow pipe, 
(he end of which shall project over the wall of the house and shall 
be placed in a conspicuous position. Discharge of water from 
fhe overflow means that the ball valve is failing to function, and 
the owner or occupier must undertake to notify the waterworks 
officers every time he finds such discharge occurring. 

D. Every owner or occupier of any holding, in respect of 
which a connection has been made under fhese rules, shall be 
entitled to a supply of wafer in proportion to the water rate paid 
by him in respect of such holding, according to the following 
table:— 


Quarterly amount of water rate paid. 


Not Exceeding 

Rs. A 
3 8 

Exceeding 

3 8 

Do. 

3 12 

Do. 

4 0 

Do. 

4 4 

Do. 

4 8 

Do. 

4 12 

Do. 

5 2 


Rs. A. 


but not exceeding 

3 12 

Do. 

4 0 

Do. 

4 4 

Do. 

4 8 

Do. 

4 12 

Do. 

S 2 

Do. 

5 8 


Daily quantity of 
water to which 
entitled. 

120 gallons. 

130 

»* 

140 

t * 

150 

• t 

160 

M 

170 

♦ » 

180 


190 

If 





Quarterly amount of water rate paid. 


Daily quantity of 
water^o which 
entitled. 



Rs A. 


Rs. 

A. 




Exceeding 

5 8 

but not exceeding 

5 

14 

. • 

200 gallons. 

Do. 

5 14 

Do. 

6 

4 

• • 

210 

« « 

Do. 

6 4 

Do. 

6 

10 

• • 

220 

* • 

Do. 

6 10 

Do. 

7 

0 

• • 

230 

• » 

Do. 

7 0 

Do. 

7 

8 

• • 

240 

» » 

Do. 

7 8 

Do. 

8 

0 

• • 

250 

» * 

Do. 

8 0 

Do. 

8 

8 

• • 

260 

* * 

Do. 

8 8 

Do. 

9 

0 

• • 

270 

» • 

Do. 

9 0 

Do. 

9 

8 

# • 

280 

* T 

Do. 

9 8 

Do. 

10 

0 

• ■ 

290 

* • 

Do. 

10 0 

Do. 

10 

8 

• • 

300 

f » 

Do. 

10 8 

Do 

11 

0 

• • 

310 

1 * 

Do. 

11 0 

Do. 

11 

8 

• • 

320 

1 

Do. 

11 8 

Do. 

12 

0 

• • 

330 

• 

Do. 

12 0 

Do. 

12 

8 

• • 

340 

• t 

Do. 

12 8 

Do. 

13 

0 

• • 

350 

1 % 

Do. 

13 0 

Do. 

13 

8 

.. 

360 


Do. 

13 8 

Do. 

14 

0 

.. 

370 

« « 

Do. 

14 0 

Do. 

14 

12 

• • 

380 

• ♦ 

Do. 

14 12 

Do. 

16 

0 

• • 

390 

1 1 

Do. 

16 0 

Do. 

18 

0 

• • 

400 

* * 


For consumers paying more thau Its. IS per quarter as waier 
rate, (lie number of gallons of water to bo given per day will be 
calculated as— 


200 x 
9 


* 

tlie quarterly water rate paid (in rupees). 


10. In ease the owner or occupier requires for special occa¬ 
sions or otherwise more water than the amount to which lie is 
entitled according to rule 8, he may apply to the Commissioners 
in form ‘B’ (obtainable at the Municipal Office free of charge) for 
a temporary connection. He must undertake to pay in advance 
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Dif sum of Ks. per tank, ami also to 

W weekly the following charges during the whole time he retaius 
the temporary connection :— 


(tf) 

for a supply of 200 gallons per day 

Rs. 0 8 per 

< b ) 

Do. 

300 

Do. 

0 12 


Do. 

450 

Do. 

„ 1 0 

(d) 

Do. 

600 

Do. 

,, 1 4 

(e) 

Do. 

750 

Do 

„ 1 8 

(f) 

Do. 

900 

Do. 

.. 1 12 

(*) 

Do. 

1100 

Do. 

,.2 0 


The application must also slate the number of weeks for which 
the connection is required. 


11. On receipt of the application, with the signed agreement, 
and stipulated prepayments as per rule 10, the Commissioners 
shall forthwith instal within the com pound and at a level two feel 
above ground an additional storage tank tor tanks) of 500 gallons 
capacity with hull valve and two taps, lived to each tank. They 
shall connect the same to the street main by a service pipe or pipes, 
and do all other work necessary to commence and maintain the 
supply. 

The Commissioners shall keep in stock a number of tanks., 
with pipes, fittings, etc., for the above purpose. 

1U. The payment referred to in rule 10 shall be made once* a 
week.* In case the owner or occupier fails to make flu* payment 
weekly, the Commissioners or their officers may ai once enter the 
premises and remove the storage tank or tanks, temporary 
service pipes, etc. 

13. Two or more such temporary connections may he* taken 
if required, on payment, of the additional costs and weekly charges. 

11. The Commissioners may cut off the connection between 
any waterworks of tin* Municipality and any holding to which 
water is supplied from such works, or may turn off such supply, 
iu any of the following cases, viz. 

(a) if the holding is unoccupied; 

(b) if the occupier fails to pay his water rate; 

(c) if the occupier in any w ay interferes with, damages, or 
alters the service pipe; and 
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(d) if the occupier refuses to admit any officer duly 
empowered in that belialf into the holding for the purpose 
of making any examination or inspection of the*service pipe 
or storage tank, or prevents such officer making such 
examination or inspection. 

Provided that 24 hours’ notice in writing of such examination 
or inspection may be demanded. 

15. The work stipulated in clause 4 (b) shall be carried out 
by a person or linn employed by the owner or occupier and 
approved by the Commissioners. For this purpose the Commis¬ 
sioners shall grant licenses to approved persons or firms, who 
should preferably have had previous experience in plumbing work. 

16. No connection shall be permitted to any holding unless 
and until the owner or occupier makes effective provision to the 
satisfaction of llie Commissioners for draining away all waste 
water. 

17. The Municipality will not be responsible for any inter 
ruption or diminution of water supply due to occurrences beyond 
its control. 
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FORM A. 


WATERWORKS. 


APPLICATION FOR ORDINARY HOUSE CONNECTION. 
To 

The Chairman, and Commissioners, 


Municipality. 


Gentlemen, 

I request you to lay a service pipe and supply water to me 

at . 


upon the terms and conditions stipulated in the house connection 
rules printed on the back hereof, which 1 have read and which I 
agree to observe and perform. I also hereby agree to pay in 
advance the fee of Rs.according to Rule 2. 

The amount of water rate payable quarterly, according 

to the annual value of the above holding is Rs., 

and the amount of water rate which I undertake to pay quarterly 
is Rs.:. 

Yours faithfully, 


Witness .— 

Signature 

Address... 


Gated 
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FORM n. 


WATERWORKS. 


APPLICATION FOR TEMPORARY HOUSE CONNECTION. 
To 

The Chairman, and Commissioners, 

.Municipality. 

Gentlemen, 

I request yon to fix a storage tank, pipes, etc., for a, tem¬ 
porary connection according to Rules 10, 1.1 and 12 (ft the house 
connection rules at. 


I send herewith Rs. being the 

stipulated cost for making the connection and removing the same, 


including hire of materials. 

I require an extra supply of.gallons per day. 

and I hereby agree to pay Rs. per day for every 


day during which I retain the connection, and I agree to make 
the payment weekly, 

1 shall require the connection for approximately. 

weeks commencing from. 

(date) 

Yours faithfully, 

Witness .— 

Signature. 

Address. 

Dated. 
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DISCUSSION ON 

WATER SUPPLY BY DECENTRALIZED 

STORAGE. 


Correspondence . 

Mu. G. Bransby Williams remarked that Mr. Grill in bad gone 
to much trouble to explain his proposals as fully as pos¬ 
sible in his paper and had exercised considerable ingenuity 
in devising the method of water distribution in mofussil 
municipalities, which he had described, and which, he hop¬ 
ed, would obviate some of the dilliculties experienced with 
I in 1 present system, lie had, however, not sufficiently taken 
into consideration some of the practical points involved. The 
fundamental fact to be borne in mind was that most of the trouble 
with the waterworks in this country arose from the failure of muni¬ 
cipal authorities and ratepayers to appreciate the economic aspect 
of the question. The initial cost and the maintenance charges of 
a waterworks were nearly in proportion to the quantity of water 
supplied. The magnitude of the supply was therefore limited by 
the amount of money the munieipality concerned could afford to 
spend on carrying out a waterworks scheme. When a scheme had 
been completed and was in operation this limitation was entirely 
disregarded. Applications for private house connexions were made 
in large numbers and were usually granted by the municipal com¬ 
missioners to all wlm could afford to pay flic cost of putting them 
in. When the water had been laid on to a house the householder 
allowed, or even encouraged, waste, lie resented all measures that 
might lie adopted to prevent it, or make him pay for the water 
wasted, whilst his attitude was generally sympathized with, by the 
municipal commissioners, and acquiesced in by the members of the 
public, who could not afford house* connexions, and who were there¬ 
fore the parties who were most directly injured by tin* waste in the 
houses,of tlieir more favourably situated neighbours. The conse¬ 
quence was that there was no weight of public opinion against the 
wasters. In fact it was all on their side, and the unchecked waste in 
the connected houses might, cause the water consumed per head to be 
as much as 20 times, or even more, than that which the people who 
had to go to the street stand posts were able to obtain. In such cir¬ 
cumstances the waterworks were caHed upon to supply more water 
than they were designed for, the machinery and filters were over¬ 
taxed, the supply in the outlaying parts of the town became in¬ 
adequate and the waterworks fund bankrupt. These disastrous 
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results could be prevented if (lie parties concerned could Ik* brought 
to u udersta ml (lull \vak*r w;is :i commodity flint cost policy like 
electricity mid linn if was just ;is rciisoiui bit* that it should lie pit id 
for as flint the Ini ter should. If the water supplies of the Indian 
towns were in (In 1 hands of prhnte companies, as in flu 1 case in 
many oilier parts of the world, there was no question that the users 
would he made to pay in pioporlinn to the lienelil received by them, 
and that the under system would lie in full and successful opera- 
lion. There was no difficulty in working it except 1 he altitude of 
mind of (he municipal commissioners and the ratepayers concerned, 
as was shewn l*y ihe examples of I’eihnmpur (under (lovernmenl 
control), Ftlerparn and Kalimpong. l!ul until that allilude changed, 
no Msiem of control of waste had any prospect of succeeding in ils 
object. As regards Mr. Gridin's proposals, far from their being- 
likely to be more popular than charging by meter, the exact, oppo¬ 
site was tin' case. Ho long as there was a physical possibility of get 
ting water from the mains the householder could, if lie so desired, 
take what lie wanted even if there was a under on his connexion, 
lie could trust to his meter either not being read, or, if it was. to 
his being-able to evade payment. If, however, the supply was actu¬ 
ally restricted to a definite daily quantity, that was tin 1 end of it, 
and, however great his real or imaginary need, he could get no 
more. 


It did not. require much acquaintance with I tonga I towns to 
know flint in sueh eireiim,stances the outcry on Hu- part of the 
gentlemen who found their cisterns empty when their neighbours' 
were still full would bo so tremendous that no lnnncipality would 
lie likely io oilci opposition to ‘Hindi a volume of public opprobrium. 
It might be safely prophesied that if Mr. Gridin's proposals were 
put into practice, at least half of his cheek pipes would have been 
removed, either with ollieia! sanction or non-official connivance, 
within a month. 

Apart from these fundamental objections there wore engineer¬ 
ing difficulties in the way of the successful operation of the scheme. 
If involved adjustments of the rate of flow’ to a most complicated 
variety of conditions of pressure and quantity to be delivered. It 
depended on the accurate working of a number of pressure reducing 
valws. If necessitated elaborate arrangements for discharge into 
tanks at different heights above ground, at all sorts of pressures, 
through various lengths of supply and cheek pipes, with minute 
apertures. H presupposed conditions that, did not exist in any 
lb'ngal waterworks, and Die continuance unchanged of those condi¬ 
tions throughout the daily and seasonable fluctuations in the de¬ 
mand. Any appreciable alteration in the pressure in the mains 



lMHriJKHiUA ON DKCKNTltALlZKJ) STOltAGK 


5T 

woultl operate inequitably upon neighbouring hbuses-, for the mine, 
lion in the flow into it tank on tile root of a high house would he 
proportionately much greater if the pressure in the main were dimi¬ 
nished tlmn it would he in the ease of a tank on the roof of a low 
house. 

Whilst he could only express admiration lor the cure and 
l ho roughness with which Mr. Griffin had gone into this question, 
he regretted that he could only come to the conclusion that his 
proposals were quite impracticable and unworkable. 

The only really satisfactory course in regard to new mofussil 
water supply schemes iu this country, would he to confine the 
supply to street stundposts only until the local authorities had 
learnt the elements of water supply economics. 11 had been found 
by the Director of Public Health that the effect upon water borne 
disease of a street standpost supply was generally as beneficial as 
that of one in which water was laid on to some of the houses. In 
fact a waterworks, which gave a supply evenly distributed through 
standposts in all parts of the town, was far more effective in pre¬ 
dating disease than one which provided a copious supply in a few 
houses whilst outlying districts got little water or none. House 
connexions had been frequently introduced under the impression 
that the fees obtained from the house owners were an assistance 
towards financing the scheme. So long as these fees were consider¬ 
ed the final discharge of Ihe financial obligation of the owners on 
account of the connexions this idea became a fallacy. Take as an 
example, a waterworks scheme for a town of 10,000 inhabitant's, 
drawn up for a supply strictly limited to street standposts. It 
would be sufficient, for this purpose tu give a daily quantity of 
.“>0,000 gallons. If it was desired to give 200 house connexions, and 
the inhabitants of the connected houses mini her 2,000, and if they 
were not metered, an extra supply to those persons of 25 gallons per 
head would he necessary. That is to say the supply would have to 
he doubled and would he 100,000 gallons a day instead of 50,000 
gallons. The initial costs of the schemes would naturally depend 
upon local conditions, but for the sake of argument they might, be 
taken as Rs. 90,000 for the first and Rs. 1,70,000 for the second. The 
working expenses would he, say, Rs. 5,000 and Rs. 9,000 a year. 
For the s«\ke of 200 houses the capital and the annual working costs 
would therefore have been increased by Rs. 80,000 and Rs. 4,000 res¬ 
pectively. Unless each connected householder were called upon to 
pay a fee of Rs. 400, which is much in excess of the figure usually 
demanded, the introduction of the house connexions would be a 
loss merely from the point of view of capital cost, leaving the extra 
working expenses of Rs. 4,000 a year, towards which nothing would 
l»e obtained from the householders, to be met by the general body of 
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jtfr. o. ratepayers. From a financial point of view the introdnciion of un- 
Wimam. metered house connexions was an unsound proposition. From the 
1 public health standpoint they had seldom any advantage, and might 

be detrimental. They were merely a convenience for a limited num¬ 
ber of individuals at the expense of the public at large, and until 
this was realized, and the persons benefited were made to pay the 
fair share of tin* cost of the water supplied, the policy of permitting 
house connexions in small schemes ought to be definitely aban¬ 
doned. 


Oiwan 
Bahadur 
A. V. 

Ramalinga 
Jtyyar Avl. 


1)1 wax 1>aiiaoi;r A. Y r . Ramalinga A yyaji A\ l. remarked that 
at the outset he would congratulate Mr. Griffin on the attempts he 
had made in suggesting a possible solution of the vexed question of 
metering. He laid no doubt Ibis paper would give much food for 
thought and discussion. 


Deficiency in municipal water supplies was not uncommon in 
this province. Most of tin* schemes were designed on financial 
grounds to supply a limited quantity of water for an assumed 
prospective population. It was not infrequent that the actual 
population was in excess of the anticipated population assumed in 
designing the schemes. This was one of the reasons for the in¬ 
adequacy of the supply. When once the scheme was put in opera¬ 
tion its scope was widened by extension of the distribution 
system brought about mainly by Iho appreciation of the 
people on the advantages of a protected water supply. This 
was another reason for the deficiency of supply. Most of the 
schemes were designed again on financial grounds as street foun¬ 
tain schemes. The introduction of house connexions later on in¬ 
creased the consumption of water and thereby depleted the supply 
provided for distribution through street fountains. The waste and 
misuse of water through house connexions, particularly in those 
which were not metered, formed the most important reason for the 
deficiency of supply as experienced in the municipal water sup¬ 
plies everywhere. 


The opposition to metering seemed to he based on an erroneous 
idea that once the municipal water supply was introduced, the 
ratepayers were entitled to an unlimited free supply of water in the 
same way as every citizen was entitled to consume without any let 
or hindrance the other necessity of life, vis., air. But the analogy 
of the free supply of the prime necessities of life, viz., air and water, 
was not extended to electric supply managed on business lines. If 
water and air form the free gift of god, so also light. Why then ob¬ 
serve strict business principles in the case of electric supplies and 
adopt different ones for municipally owned water works? 
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The main curse of municipally owned water works was the 
unbusinesslike methods of both maintenance and management. It 
was not realized that water works linanee should stand on Its own 
bottom. 

Several methods of discovering waste and misuse of water anft 
stopping it, had been suggested and adopted in practice with vary¬ 
ing results, but it was generally admitted on all hands that meter¬ 
ing every private service connexion was (lie only practical method 
of solving the problem. Per contra, it was argued that the intro¬ 
duction of meters in house service connexions pre disposed people 
to use a. much smaller quantity than what was required for healthy 
living and, in consequence the object of the introduction of protected 
water supply, rte., to ensure the healthiness of people was defeated. 
In this argument, it was forgotten that there was what was known 
as a minimum free allowance based on tin* annual rental value of 
the property. 

This more or Jess fixed the standard of sanitary requirements 
of individual tenements. It was also urged (hat in London the pre¬ 
mier city of the world metering domestic services was not favoured. 
True, but was the civic conscience of our peoph* anywhere near that 
of those obtaining in that country? Till some satisfactory method 
of overcoming this difficulty of metering was found, the only 
method of checking the waste and abuse of public water supplies 
was metering. This was, to his mind, the only practical solution. 

Mr. Griffin’s system was open to objection in that llie cheek 
pipes could not be satisfactorily determined and fixed in practice; 
for, the minimum bore fixed in the first few connexions on a main 
might be found inadequate when several more connexions were made 
in that main proportionate to its carrying capacity. During the 
hours of maximum demand, a general low pressure might be ex¬ 
perienced unless the water was pumped to a height more than that 
was contemplated in the scheme as designed. 

Mr. Griffin said that “the ends of copper tubes must not of 
course be bell mouthed.” The reason was not obvious. 

The introduction of independent service tank's in houses was 
recognized to be retrograde measure of sanitary reform, fraught 
with serious danger of contamination of supplies. Any scheme sug¬ 
gested as an alternative to metering should not tend to afford 
opportunities for the deterioration of the quality of water during 
transit from the headworks till it was drawn for consumption. 

In regard to his suggestion of street tanks the determination 
of the actual number of people likely to draw water from a parti¬ 
cular tank with any pretence to accuracy, would be extremely diffi¬ 
cult in practice. 


Diwaii 
Bahadur 
A. V, 

Bamaliuga 
Ayyar Avl, 
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With reference to tire hydrants being provided in the proposed 
system their utility in a scheme where a limited number of hours 
of pumping was adopted would be of doubtful value. The period 
when tiro normally occurred was during the nights, and pumping 
was then generally stopped in these direct pumping systems. How 
then could the lire hydrants be of any practical use? 

As regards the proposed model bye-laws, rule 9 (b) did not, to 
his mind, appear to have been based on correct data. 

On the whole Mr. Gritlin’s paper stimulated one’s thought and 
ideas in regard to prevention of waste and he had no doubt that 
many members would take part in this discussion and bring about 
a satisfactory solution of this important problem relating to 
municipal water works. If that was done the entire credit was due 
to Mr. Griffin. 

Mu. F. 0. Temple remarked that the system [imposed hy Mr. 
Griffin had already been partiaHy introduced in Jamshedpur as 
being the only system that really prevented waste on house conne¬ 
xions. The system of check pipes for regulating the How of water 
into the. house storage tank was very ingenious and probably far 
more efficient than a valve in a locked and sealed box. The varia¬ 
tion on Mr. Griffin’^ proposal that there should be two separate 
tanks for houses with sanitary fittings was to put separate outlets 
in the same tank at different levels. The usual practice in Jam- 
sitedpur was to put the kitchen and servants’ tap half way up the 
tank and the connexion for house fittings at the bottom. Tlie 
Ilume Pipe (Vmipany made reinforced concrete tanks of various 
sizes with connexions arranged in that way. 

A variant on the street tank [imposed by Mr. Griffin was an 
arrangement known as a Rotary Bailer, one pattern of which was 
patented by R. M. Hughes and the other by A. T, D. Anderson both 
of the Bengal-Nagpur Railway. In both these, a small mechanical 
apparatus placed in a constant level tank had to be operated by the 
person wishing to draw water. This had been found a far better 
preventive of waste than any other form of street stand pipe yet 
tried. 

Mu. R. M. Gitta thought that there was very little doubt that 
by adopting t he proposed system of supply most of tlie advantages 
mentioned by tlie author would be gained. But the method of pre¬ 
vention of waste had been carried too far, and was likely to cause 
inconvenience to the consumer. 

Admittedly the demand for water varied considerably from 
time to time and even in the different hours of the day. But ac¬ 
cording to that system, the rate of supply which one could expect 
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from the service pipe was constant. The author suggested that this Mr. n. m. 
variation in demand would be met by storage in the house tanks, (,upta ' 
Hut this might not meet the difficulty. For example, a house¬ 
holder getting sav about 240 gallons per day at the rate of 30 gal¬ 
lons per hour might have his tank almost empTy at night. He re¬ 
quired about (ii> to 70 per cent of the water in the morning but he 
would not Tbe able to get this amount of water (150 gallons) in less 
Ilian 5 hours’ time. He required 10 gallons for his bath, lie would 
have to wait 20 minutes to get a full tub. In such cases the author 
suggested additional storage but that would in all probability mean 
additional wastage and also it was not understood how the ball 
cock arrangement would have any beneficial effect in preventing 
waste, where additional storage was used. 

To minimise the effect of inflexibility of supply, lie suggested 
that arrangements be made so that Ihe tank was Idled up during the 
early hours of the morning. This would effect a further check on 
waste, for less water would be used in washing tanks, etc., which 
should of course be done periodically but not every day. He would 
mention that water from chowbatchas was drained out in the morn¬ 
ing not only because of dirt or other polluting matters but also for 
the reason that people in this country have ail aversion for using 
“stale’’ water, i.c., water left from overnight* The latter was the 
stronger reason. 

As regards design, theoretically since the supply to the con¬ 
sumer was at. a constant rale, there could not be any objection to 
the mains being designed to deliver at the average rate But it 
would be better to design the pipes to deliver at twice the average 
rate, as was usually done not only for overcoming friction losses 
but also for providing for future unforeseen increase of supply. 

(1) As regards check pipes, which would be fit tod after making 
trials, he thought it, would not lie as easy a matter as the author 
suggested. For each connection, trials would have to be made to 
get the proper size check pipe, 

(2) The discharge through the check pipes was likely to be 
affected when the pipe became old. 

(3) A large number of connections made afterwards at the 
upper eud of the pipe would also affect the discharge. 

These two reasons would tend to diminish the amount of 
supply to which a householder was entitled. 

Lastly water rates and taxation and incidence of taxation, 
though not strictly within the sphere of engineers, could not be 
ignored altogether. 
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Tin* inode of taxation oil the basis of valuation of holdings was 
not on an equitable basis but could not be helped under the pecu¬ 
liar circumstances obtaining in India. Rut if this method was ac¬ 
cepted as the basis of water rates, it was necessary that, in spite 
of rich men paying higher taxation, they should not be entitled to 
more water than the lixed rate per capita —the more water a man 
got the more would lie the tendency to waste. The rich man who 
could really afford to pay for the water consumed by the poor was 
bonctited indirectly. 

The amount of supply to houses should be calnilated according 
to the capacity of the house and possible requirements. The whole 
object of the water supply scheme being to supply the individual 
with a fixed amount of potable water for his domestic purposes, 
there was no reason why the poor or the middle class man with a 
large family who was almost in the same category with the poor 
should not be supplied with the same quantity of water as the rich. 

In conclusion, but for the objectionable features, namely, the 
intlexibility of supply, this method of preventing waste by res¬ 
tricted supply would bo very suitable for conditions generally pre¬ 
vailing here in Eengal. 

The other method of preventing waste was by increasing the 
supply and gi\ing a Continuous, supply. This would ultimately 
mean extra recurring charges more than the amount saved by (ire- 
venting wastage of water. 

Rut if the municipal authorities really wished to prevent 
waste, wholesale metering must 1m* done, and care must be taken 
to see that the meters were in working order and regularly read. 
This would incidentally bring in more revenue. 


tr. E. F. 
Vbite. 
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Mu. E. F. White remarked that the extremely interesting 
paper entitled “Water Supply by Decentralised Storage” dealt 
with a very important subject for the people in Eengal, namely the 
provision of an adequate supply of pure water bv a system express¬ 
ly designed !o reduce costs and prevent waste. 

Storage Tanlcs. The system proposed in the paper would 
appear to bo such as would need a small initial outlay as compared 
with the use. of a Font ml Storage Tank. The hitler, if of ample 
eaparity and if elevated to give the requisite pi(*ssure, must form 
a very considerable portion of the capital cost of a water distribu 
tion system. 

It was probable that a considerable number of road side 
Storage Tanks could be installed at a comparatively lower outlay. 

Engines. An Internal Combustion Engine using Crude Oil Fuel 
would undoubtedly best serve for driving the Pump or Pumps. Such 
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an,Engine would occupy but little ground space, required a small Mr. e. p. 
building, had extremely low running costs, and wpuld not require Whlt<> ' 
any boiler. Oil Engines were available in which the speed might be 
finely adjusted by the turn of a screw down to 50 per cent of the 
normal, whilst running. Therefore a variable speed gear would 
not be required. If less than 50 per cent, of the normal quantity of 
water was to he delivered from a Ram typo Rump, the surplus might 
be automatically bye-passed through a pressure relief valve of spring 
loaded type, suitably adjusted Jlor a predetermined pressure, from 
the delivery to the suction side of the Rump and economy in power 
used would result. If a Centrifugal Rump was used at half its 
designed speed it would probably deliver no water, so it would not 
need a bye-pass. 

Stop Taps, As a Stop Tap would in any case be needed by 
eaeli House, it might be designed also to servo as a check pipe. A 
east iron cook having its brass taper plug drilled to the nearest 
tilth inch for passing the desired quantity of water was suggested. 

If a lug on the body of the cock l>e drilled to correspond with 
other holes in the square head of its plug, it would bo possible 10 
win* and lead seal the cock in either “on" or “off" positions. 

The comparatively short, water way through the plug of the 
cock would he less liable to reduce by corrosion the quantity of 
\\ a (ei passed, compared with the friction and reduced aperture 
likely to be caused in course of time by corrosion in a. length of 
copper tube of small bore. The Rock Rings could all be in¬ 
terchangeable and suitably marked for size of aperture. The 
Rings could easily be removed by an Official authorised to break 
flic seal for the purpose of cleaning and no filter would be required. 


Mu. E. E. DEsnwrsT.Ais thought that there were two methods Mr. e. e. 
in which, the paper set out. by the Author, could he considered. 

(n) From the point of view of the Average householder. 

(b) From an Engineering point of view. 

(a) So far as was known from the methods in use in the water 
works of supply at Calcutta, and Patna, the supply was obtained 
in the former ease by pumping from a central reservoir in town, to 
the consumers residences and in the latter by gravitation from 
central tanks on towers and in cases of large consuming institu¬ 
tions such as hospitals from tanks on towers within the com¬ 
pound. 

In the case of towns like Bhagalpore, Arrali and Serampore, 
the water supply was obtained by direct pumping from filter- 
beds and storage reservoirs near the pumping station. ^ 
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An intermittent supply was almost always given, not so much 
as to prevent waste, as to deal with the demands at curtail* periods 
of the day when it was greatest and when not required the supply 
was stopped ; and this in,1 net prevented waste to a very great 
extent. 


The author stated that at • Kalimpong, the under muling 
method of charging had proved very satisfactory without any 
difficulties having arisen. Even in his statements, showing tin' 
neglect in fixing and rending met eft, it was found that at IJerham- 
pore, Krishnagore and Fllerpara, attention had been paid to the 
matter and of course the conclusion was that it lnul w r orked well, 
though no mention had been made as to this by the author. 


The meters besides could be designed to be made so that the 
readings were visible to the householder and would not then 
surprise him, if he took the trouble 1o read them or watch them, 
as he was accustomed to do with his Electric .Meter readings. 


For street purposes, water was needed not only for people in 
the vicinity, but for animals for which public troughs and stand 
pipes were found as well as for public street latrines (in Calcutta) 
and for other sanitary arrangements as well as for lire prevention. 
As regards this last, the author stated that in practically none of 
the waterworks in Ilengal had tire hydrants been fixed. In Cal¬ 
cutta, the hydrants used for street watering were used by the lire 
engines, the Piimpiug Engine working at night being c/nmeeled to 
the fire alarm towers by Phone as far as possible direct. 

This was as it was now in Calcutta. 


The method proposed by the author had many dis¬ 
advantages. 

(1) The tank on the roof with its inspection, cleaning and 
leakage of ball valves all fell on the householder's shoulders. 

(2) A guest or two for one day even, would cause a shortage 
of supply, and any influx of guests for a longer period would call 
for the erection of extra tanks, piping and especially the putting 
in of extra check pipes the sizes of which and arrangement could 
only be got at. by trial and error. 

(3) Having to dewater the remaining water in tanks, in 
places like large boarding Houses and hotels, due. to the number of 
people in various seasons varying. This would In* a large waste of 
water. 


It) A full supply calculated only on a certain percentage of 
the House value, might ill ease of a very wealthy bachelor, charge 
him excessively and cause an excessive wastage*fl*om disuse of the 
greater part of the water supplied. 
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(5) In the case of double storied buildings or higher and 
buildings of great length such as hotels and boarding bouses, tanks * r 1 
on the roof above would not do as the lower stories would take off 

at a higher pressure and get more water than the upper stories 
mechanically and in the ease of 2 stories 40 per cent more water. 

In the ease of long buildings owing to the bead being only that of 
one storey, tanks would have to be distributed over the whole length 
to allow of equal supply. 

In the case of dirod, pumping, the large pressure obviates these 
difficulties of tank decentralised methods. 

(6) From an Engineer's point of view : 

(1) It would appear that the pipes would always be under 
considerable pressure, and that the flow through the check pipes 
set in pitch or lead might cause them to bell-mouth whence wastage 
would occur. What about possible lead poisoning? What about, 
the white sediment that encrusts all water supply pipes, clicking 
such small pipes as the check pipes or reducing supplies? 

(2) Rutting lauks on roofs with masonry protection against 
heat, would require a structure, entirely independent of the roof, 
which for a tank of 150 gallous, would otherwise load the roof or 
floor with about i) cwt. per sq. ft. extra. 

The alternative idea would do, as it would cost less, but the 
upkeep, painting, etc., would be great and would all fall on the 
householder. 

(3) The construction and fitting of suitable check pipes, with 
the tank say on the 3rd storey and at a considerable distance from 
these, by trial and error, would be a matter of considerable delay 
and expense. 

(4) Any increase in the number of house connections iu a 
zone would seem to require a change in the pressure reducing 
valves at that zone centre, and this would change the supply from 
check pipes already fixed. Dow about wastage? 

(5) The author was strong on a continuous supply, but this 
scheme allowed only a supply of storage in 10 hours. 

Now it, was generally from fi a.m. till noon that the demand 
wats high and again from 3 i\m. till (> r.M. in what was called the 
intermittent system, in which the supply met the demand during 
those periods. In the author’s scheme, the early demand might 
exceed the supply for the early period, resulting in an excess for 
the later period to the great annoyance of all householders. 

(fi) Poorer people depending upon street supply, might have 
great difficulties owing to wastage of water from street tanks, in 
the author’s scheme, and might in fact get none, as there was no 
check to wastage by the public. 
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With the present so called intermittent supply water could 
always be obtained twice a day and in any quantity which* was a 
great boon. 

The scheme of the author seemed, theoretically under certain 
conditions only, to be good but entirely in the favour of the 
suppliers. 

There was no reason why meters should not be more used than 
at present in the intermittent scheme. 

Dn. K. 0. Ohakko remarked that he had often heard com¬ 
plaints that certain parts of the Uity of Madras were always short 
of water. This was due to the distance from the reservoir and 
consequent insufficiency of pressure when water was takeu by the 
houses nearer to the reservoir. Vet, the system was designed so 
that when the maximum rate of flow took place, every district 
would get some water. This showed that it was not possible to 
design a system perfect!/when the data were imperfect. The 
author’s method of introducing check pipes to regulate the flow 
had therefore much to commend it, as it got over the imperfections 
of all hydraulic formulae by adjusting the check pipes to the 
required rate of flow to each house which would be directly 
measured. 

lie would request the author, however, to consider the follow¬ 
ing points which had come up in his mind as affectiug the system. 

1. flow far was it justifiable to assume that the rate of flow 
into a “district.” was constant? 

2. Was it possible to keep a uniform hydraulic gradient in 
the main pipes (a) when different, districts draw water at different 

j’ates and (h) when the resistance of pipes altered with age? 

ff. If valves were used in main pipes and chief distribution 
pipes in order to isolate certain districts, how would their closing, 
complete or partial, affect the supply to the houses? 

4. Would the discharge through the Olieck pipes remain 
unaltered for the same head indetinitely? If it changed with time, 
would the “prolonged and difficult operation to make the altera¬ 
tion” to readjust the rale of How be justifiable? 

5. The flow from a partially closed tap was easier to 
regulate than from a check pipe. Was it not possible to enclose 
the tap effectively in a sealed or soldered box so that unauthorised 
people would not tamper with it? If this was possible, the check 
pipe was unnecessary. 

6. Were not some meters still necessary, nt leatd for the dis¬ 
tricts? 
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Mk, ,N. li. Wilson in forwarding a tracing remarked that tlu* 
proposal was iii his opinion, a better proposition than the check 
pipes which the author of the paper explained to the Members of 
(lie Society on Tuesday, the loth instant. From the tracing it 
would lie seeu that instead of using a comparatively long length id 
small diameter pipe inside the service pipe, it was proposed to use 
a diaphragm having a small hole in the centre of it. From the 
construction of the apparatus, it would readily be seeu that this 
diaphragm could be altered very easily. For instance, if it was 
found that the diaphragm used was passing more water than the 
consumer was entitled to receive a diaphragm having a smaller 
orifice could easily be inserted. In addition to this, the water 
passed through the copper strainer which would prevent any 
suspended matter from choking the small oritice in the diaphragm. 



Mu. J. O. A. Vincknt remarked that the author in giviug the 
alternatives for pumping installations rejected centrifugal pumps on 
the grounds of high horse power consumption even though no water 
might be delivered by the pump. 

With properly designed centrifugal pumps the characteristics 
were far from those stated. Against a closed delivery valve the 
11. 1’. consumption should be little more than 1/3 of full load IJ.lh 

In practice however under Mr. Griffin’s scheme he thought'll 
was unlikely that the demand for water would fall to anything 
like zero. Probably the demand would vary between full output 
and 1/3 of full output during pumping hours aud there should be 
no difficulty in obtaining centrifugal pumps to give the lower 
output with ail actual 11.P. consumption of about i full load 
IT.P. or in other words the efficiency at 1/3 output would lie about 
<)(>% of that at full load. 

These figures were not at all unreasonable and when it was con¬ 
sidered that during the same variation of load the head would 
vary by only about 15 per cent without any regulation or auto¬ 
matic devices whatever, he thought the centrifugal pump would be 
found to be highly suitable for the duty. 

An additional advantage of centrifugal pumps was their 
smaller cost. A centrifugal pump might be purchased for roughly 

x 1 
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§£. J. o. a. about, 60 per cent of the cost of a ram pump of equal quality and 
".yicent. duty. The centrifugal pump required no special devices exfiept an 
engine or motor to drive it and there was no danger of bursting the 
mains by negligent driving, whilst any form of ram pump required 
elaborate variable gears or other controlling apparatus as well as 
ample automatic relief valves to provide against accidents. 

Finally, if electric power was available for driving the pumps 
the direct drive of centrifugal pumps allowed such a compact and 
staple unit and oue so easy to handle, that the duties of the at¬ 
tendant would be reduced to a minimum. 

He considered that the characteristics of centrifugal pumps 
were such as to make them much more easily applied to the special 
requirements of the scheme explained by the author than any of 
the alternatives and he thought that anyone contemplating such a 
scheme would be well advised to adopt this simple and economical 
form of pumping plant. 

r. h. l. Mu. 11. L. Tysox-Wolkk thought that—Mr. F. C. Gridin should 

mn-Woife. | )(1 nm jrratulated upon the very interesting paper he had con¬ 
tributed in the Institution. The wasteful use of water presented 
a most, didienlt problem all over India, and the proposals put for¬ 
ward by Mr. Gridin seemed to him a very practical way of dealing 
with the difficulty. 

Mr. Gridin's table disclosing the fate which attended the use 
of water meters was very significant., but it was noticeable that no 
reasons were adduced for the great prevalence of casualties. 
There were probably a number of reasons, but he felt that, at least 
one of them was the inherent disabilities that beset all types of 
Water meters of the rotating kind. Even where the water was 
Mtcred, wear in the rotating parts took place after a relatively 
short time; and where the water was at all silt bearing the wear 
was very rapid. As an accurate means of recording the amount 
of water passed, such meters were and probably always would be 
very unsatisfactory instruments. 

In discussing the relative merits of different kinds of pumps 
Mr. Griffin said with reference to the centrifugal type that the 
full horse power of the engine was absorbed although no water 
might be delivered by the pump. He thought, that this view of the 
'matter was somewhat overstated. It was a matter of experience 
that there was a very appreciable difference in the amount of 
power absorbed by the pump when it was delivering its full output 
and when it was simply churning the water in its casing when the 
delivery valve was completely closed. That this was so could 
readily be ascertained by observation; but the view expressed by 
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All*. Griffin hud been put forward again and again. If 300,U00 Mr. if. l. i 
gallons of water were pumped at a steady rate over 8 hours, Tyson ' Wolf 
against a head of 00 foot, the foot pounds per minute were 
sullieient to raise the temperature of a pound of water from 00 
Fahrenheit, degrees to liL'O degrees in one minute. If what the 
Author said was correct, the pump would become dangerously hot 
in a very short space of time, were it to be run with its delivery 
valve closed. Such a pump might be, however, and often was run 
for quite an appreciable length of time with the valve closed, 
without much rise of temperature becoming noticeable. 


From the particulars given in Plate III it was seen that the 
pressure at the pump is 00 feet, water column, and that at the 
elevated tank was :T> feet. If the tank was taken to be say 1 feet 
deep, the average pressure at the tank was 2.‘> feet water column. 
It was seen, therefore, that the efficiency of the transmission was 
only about 38.5 per cent. As this was a very low figure it would be 
interesting to lmve the author’s opinion about this, lie would like 
to know limv this result compared wdfh the results usually obtained 
in the ordinary system of wafer supply with wdiieli oue was 
familiar; so low an efficiency warn Id appear to entail unduly greai 
expenditure on power. 


There was one. oilier matter on which lie would like to offer 
comment; namely to flic use of a ball valve on the fop of the service 
tank. If, was probable tlialt in many eases this would be tied up 
and thrown thereby out of action. Such a proceeding would 
enable a householder hi obtain more water than his proper share 
in such eases where tin* rate of flow through his check pipe was 
rather on the liberal sub* than the reverse. 


Mu. 8. P. Floweuohw remarked that he had Water Supply Mr. s. p. 
Problems in many railway Colonies and expressed bis intention of FIowerdew - 
taking an early opporiunity of introducing Mr, Griffin’s System 
in some of tlie railway Colonies on the E. T. Klv. 

i • 


Mu. Mahan 1)ev congratulated the author on devising a Mr. Maka 
scheme which would not only produce an income sufficient for the Dev ‘ 
maintenance of flie scheme, but would at the same time impose a 
check upon waste. 

lfis objections to the centralised method of distributing water 
from one main reservoir were the expense involved in laying dupli¬ 
cate mains, or alternatively the risk of failure if duplicate mains 
were not laid and there were difficulties in connection with control 
of supplies, repairs to main and cleaniug of pipes. 
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With regard to the author’s schemes he considered that the 
following points might be a drawback:— 

1. The weight of the tank might be too much for the roof to 
carry. 

t 

L\ The lirst cost might Im* too heavy for the poorer classes. 

II. Space would be occupied which might be more usefully 
employed in congested cities. 

4. The extra expense of protecting the tanks from the Sun. 

5 & (i. Deteriorations of the check pipes through corrosion or 
incrustation. 

7. The necessity for frequent repairs. 

With regard to the pumping machinery he was of opinion that 
electrically driven pumps offered many advantages over pumps 
driven by an oil engine on the score of lesser first, cost, lesser main¬ 
tenance charges, cheaper buildings and greater cleanliness. 

With reference to rule 7, he very much doubted whether the 
occupiers would pay sufficient attention to the cleanliness of the 
overhead tanks and feared that this would eventually devolve on 
I lie municipal authorities. 

Thk Author in reply remarked that, in the first, paragraph of 
his note, Mr. Williams stated the facts with regard to water supply 
schemes, and the present, inefficiency and wastage in the metering 
system. It was because these facts had not been fully taken into 
consideration that (he present difficulties in water supply had 
‘arisen. 

Mr. Williams stated that the system proposed in the [taper 
would be less popular than the old system. This remained to be 
seen. The fact that, two municipalities had already willingly 
adopted the system did not, support the statement. In the last 
sentence of the first paragraph, Mr. Williams said,—“if 
however the supply was actually restricted to a definite 
daily quantity, that was an end of it, and however great 
his real or 'imaginary need, lie could get no more”. This 
was not so. He might draw Mr. Williams' attention to the para 
marked (c) on page 14 of the paper. When the householder had 
come to the conclusion that he must have more water, he would 
go to the municipal authorities to find out how it could be obtain¬ 
ed. He would be informed that if be paid a bigger water rate he 
would be given more water, and this would appeal to the ordinary 
man as a straightforward bargain. He would decide on the addi¬ 
tional amount which he required, would sign the agreement to pay 
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the corresponding tux, and forthwith the cheek pipes would be al- r rhe Anth0|1 
tered to give the increased amount. Of course the householder 
might attempt to get the increased amount of water by unfair 
means. He might attempt to bribe the waterworks staff to come 
and alter his check pipes without having prearranged to pay the 
additional tax. But there were a number of factors which would 
automatically nullify such attempts at bribery. First, the number 
of people he would have to bribe,—the whole waterworks staff plus 
coolies, cartmen, and others engaged on the job, would make the 
process of bribery so expensive as to be scarcely worth while. 

Secondly,—since the operation of changing the check pipes was a 
day's work, involving the digging of a trench, disconnection ami 
rehxing of a pipe line, etc., the job could not be done surrepti¬ 
tiously but must be carried out in broad daylight. It was there¬ 
fore sure to be seen and recognised by someone as a house connec¬ 
tion job,—enquiries would be made,—particularly by the house¬ 
holders’ enemies,—and if all,was not fair and square the culprit 
would he shewn up. Mr. Williams went on to refer to the outcry 
on the part of the gentlemen who found their cisterns empty when 
their neighbours’ were still full. Let us imagine such an objection, 

—taking place al say a meeting of the local Rate]layers’ Associa¬ 
tion. Mr. A complains that his tank was always empty and that 
the supply was not enough for his family which was a big one. 

Mr. B sitting alongside him laid plenty of water,—there were only 
.'1 other people in the house beside himself and his allowance ac¬ 
cording to his rated water payment was ample. Mr. B will say to 
Mr. A,—“all right,—nobody is stopping you from getting more 
water,—if you want more, pay for it". 

The position was perfectly clear and simple. Generally speak¬ 
ing, ppople did not expect to he called upon to give either goods or 
service without being paid for them, and conversely, they did not 
expect to get anything without paying for it. For an increased 
allowance of water therefore they would expect to pay, and would 
he quite content to pay. The mischief of the present system was 
that householders were not called upon to pay until long after the 
goods were received, and did not know even whether they would 
he expected to pay or not. Also they were aware of the easy 
methods by which they could evade payment, as Mr. Williams 
pointed out in his note. 

With regard to the “engineering difficulties” which Mr. Williams 
mentioned. 

(1) “Adjustments of rate of flow to a most complicated variety 
of conditions of pressure and quantity”. The eheck pipes would 
be different for every house, but he saw no difficulty in fixing them. 1 , 



THE INSTITUTION OK ENGINEERS (INDIA). 


I iJ 


Author After a little experience the number required would be guessed 
very approximately, and then the exact number would be fettled 
by trial and error,—the rate of rise of water in the tank would 
be the measure of the flow. 

(2) “Jt depended on the accurate working of a number of re 
during valves”. The, makers told him that w’itli a secondary pres 
sure of 40 feet the variation of pressure would not be more than 
0.0 of a foot. In any case it should be noticed that the variations 
of pressure would be sometimes plus and sometimes minus. Ho 
that, during the day the variations would average out, and the 
daily quantity of water discharged to the roof tanks would be con¬ 
stant. 


(2) A reference was made to “minute apertures”. The small¬ 


est check pipe likely to be required was 1/8". 
this should be milled a “minute* aperture”, 


lie did not think 


(.4) “It presupposes conditions that did not exist in any Men 
gal waterworks”, lie did not. propose at present to apply the new 
system to an existing waterworks. It. would be applied at lirst to 
new waterworks.—in which, of course*, the conditions would la* 
arranged to lit the system. The application to an existing water¬ 
works would be a more* difficult business, involving points of law 
with re'gard to old house* connections, etc. 


(o) “Any appreciable alteration in the; pressure would ope¬ 
rate inequitably upem neighbouring houses”. IIis proposal was 
that, there should not be* appreciable alteration in pressure,— 
hemce* the; use of the* latest type* of reducing valve,—the large sized 
zone* mains,—the armit/r How through the*m instead of the tnaxi- 
minn , etc., e*tc. 


Mr. Williams summed up his criticisms by saying that he could 
only e*e>me* to the* conclusion that his proposals were quite imprae* 
ticahle: and unworkable. To this his only re*ply was that other en¬ 
gineers had already expressed the exaetly opposite view, and that 
lie* e*f e-onrse* agreed with the* latter. 


Mr. Williams went, on to say that the only really satisfae*tory 
course in regard to molussil water supply was to earn tine the sup¬ 
ply to street standposts only. Hut this was begging the question. 
In a good many of the water supply schemes now under considera¬ 
tion the Municipal ('oinmissioners refused to have a scheme at all 
unless they could have house connections. The problem before us 
was how to provide a water supply with house connections and yet 
to prevent the wastage of water. The last page of Mr. Williams’ 
note was therefore beside the point. 
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In reply to Mr. Ranmliiigu Aivar, who began b\ stiltin^ the pre- 
sent, position with regard to waterworks, In* agreed with his sug¬ 
gestion that if water were charged for by meter alone, as with clec- 
tric supply, all would be well. But, as explained in the iirst para¬ 
graph of his paper, the majority of the people must draw their 
water from street taps, and it was impossible to meter and charge 
for the water they take. 

With regard to Mr. Aiyar’s objections to his scheme. 

(1) The first was that the cheek pipes could not be satisfac¬ 
torily determined and fixed in practice, lie did not think there 
would be any real difficulty in this, it would lx* done as described 
at the bottom of page ft of the paper. The* Zone mains would be big 
enough to obviate any appreciable \ariafion in pressure which 
might otherwise be caused by the opening and closing of connec¬ 
tions. Of course, w hen more connections were made than tin* num¬ 
ber for which a /.one was designed, then* would then be, a drop in 
pressure. This contingency was dealt w ith on page 16 of the paper. 

(2) The reason of the statement,—‘‘the ends of the copper 
tubes should not be bell mouthed,was asked for. If the tubes 
were hell-mouthed, there would then be ynnlmtl contractions and 
expansions in the size of the pipe. When there was a midden 
change of diameter, loss of head occurred. The object of the check 
pipes and little chambers between was to reduce the head (thereby 
checking the llow), consequently the sudden change of diametei 
was required. These little chambers bet warn the ends of check 
pipes would act as a “line adjustment”. They need not necessarily 
be inserted,—the check pipes could bo coupled by a single socket. 
The addition of the double socket and nipple connection increased 
the amount of check to a small extent, as could be seen bv a com- 
parison of tests Nos. 2 and 3, page 10 of the paper. 

(3; “The introduction of independent service tanks was 
a retrograde measure”, lie did not agree. His arguments were 
given in the last para but one on page 11. Ualcutta had during 
the last 10 or 20 years been forced into this system. The water 
need not deteriorate in a roof tank which wms covered and locked, 
which was protected from the sun, and of which the householder 
took reasonable care as provided in rule 7, (page 181. 

(4) Admittedly, the tire hydrants would be of no use at night 
until the waterworks could be started up. But as pointed out on 
page 12, no mofussil municipality provided for tire appliances. 
And in the case of a town big .and important enough to go in for a 
tire brigade, the probabilities were that at least 16 hours, if not 
21 hours per day, would be the pumping hours. 
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(5) The figures given in rule 9. These were of course only 
approximate and typical,'—each municipality would have tp work 
out its own schedule of rates, and obtain Government sanction 
to the same. 

In reply to Mr. Temple’s comments. 

(1) He was glad to note that he approved of the suggestion 
with regard to “check-pipes”. Samples of these were placed on the 
table at the meeting. 

(2) The arrangement for taking water from the, storage tank 
at different levels was a good one. He had however suggested two 
separate storage tanks in the case of houses with sanitary fittings 
in order to meet a religious objection. Orthodox Hindus would, he 
was told, refuse to take drinking water from a tap which they 
knew had direct connection with pipes feeding a W. 0. flushing 
tank. 

(flj The Rotary Bailer was an excellent waste preventer, 
but would not do as a substitute for the st reet tanks in his scheme. 
In the Rotary Bailer a practically constant water level was main¬ 
tained by means of n> ball valve. In his scheme the tank must be 
capable of filling and emptying, the ball valve being used only to 
turn off the water when the tank was full. 

Mr. R. M. Gupta had suggested that the system was likely 
to cause inconvenience io the consumer, that depended on what was 
meant by “incomenience”. If the consumer would be inconveni¬ 
enced by the discovery that his supply of water was not unlimited, 
and that he had not enough water to throw about and waste, then 
he certainly would be “inconvenienced”. If, on the other hand, he 
used the water economically, there would be no inconvenience on 
the score of quantity of water available, and he w r ould have Been 
given a great additional convenience in the shape of continuous 
house supply. 

To enforce economy in the use of water was the whole object 
of the system. 

(2) The storage tank on the roof would meet the difficulty of 
variation in demand. In the case Mr. Gupta mentioned, the man 
having had his bath in the morning, and having used the water 
economically during the day, the tank would not be almost empty 
at night,—since it had been filling slowly all day long, and so there 
would be plenty of water for his bath the next morning. If on the 
other hand, he took two or three baths during the day, leaving the 
taps running, and generally wasted the water, then the next morn¬ 
ing lie certainly would find the tank empty, and would have to 
wait a long time to get his bath. That was exactly what was intend¬ 
ed. The effect would be that during the following day he would' 
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have less baths and would stop the waste- of water,—precisely the Tha Authoi . 
effect desired. He had not suggested additional storage to meet 
tin; extravagant use of water,—sufficient storage was required sole¬ 
ly to meet the variation in demand. The ball cock was not meant 
to prevent the waste in the house,—it was simply to prevent the 
tank overflowing. 

(3) His third paragraph. In this system, pumping doubtless 
would be commenced in the early hours of the morning. 

(J) His fourth paragraph. If there was any “aversion'’ to 
using water which had been standing in a covered roof tank over¬ 
night, people w'ould soon get over it. On sanitary grounds there 
could be no objection. 

(5) 11 is fifth paragraph. The two sentences were contradic¬ 
tory. If there w 7 as no objection to designing the mains to deliver 
the average rate, then there could be no use in designing them at 
twice the average rate. He might draw Mr. Gupta’s attention to 
page 8 of the paper. 

(ti) As regards the point (1). lie thought the fixing of check 
pipes would be quite simple after a little experience had been 
gained. 

The point (2). This was quite true. When that time arrived, 
the difficulty could he met either by pumping somewhat longer 
hours, or by increasing the pressure, or liy reducing the check 
pipes. 

The point (3). The statement was quite true. Attention was 
drawn to page 10 of the paper. 

(7) The two paras with regard to water allowance. The state¬ 
ment was made that, “there was no reason why the poor man— 
should not be supplied with the same quantity of water as the 
rich.” This was a remarkable statement. It was of course under¬ 
stood that he was talking about pumped and filtered water, deli¬ 
vered in a man’s house,—not the water flowing by in a river or 
lying in a tank. Whereas the latter water was free and for all, the 
former water was a thing which cost money—which could only 
be provided by the work of certain other persons and by the ex¬ 
penditure of capital and maintenance costs. Surely it was obvi¬ 
ous then that such water must be paid for, just as with food or 
clothing, and also that the quantity supplied must be according 
to the money paid, just as with food or clothing. There was no 
question of depriving the poor man of the drinking water neces¬ 
sary to sustain his life. He would always be able t:o draw water 
from the street tanks, and the amount required for drinking was 
very small compared with the total per capita supply. 

L 1 
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|ho Author. (8) The last para hut one. “The other method of preventing 

waste was by increasing the supply”. The reverse was obviously 
the case,—an increase in supply without altering the present sys¬ 
tem of house connections would simply increase the waste. 

(!)) The last para. The paper revealed the fact that metering 
had not, been successful, and that care was not taken that meters 
were in working order and regularly read. Ilence the suggestion 
of another system. 

Me was much obliged to Mr. White for drawing attention to 
two points in which the paper was incorrect. 

The first was that with the most, modern types of oil engines 
the speed could be adjusted down to .“»(>% of the normal while run¬ 
ning, instead of 10% as stated in his paper; and the second that 
with a centrifugal pump running against the pressure of a closed 
main, only ,‘50% of the II. F. of the engine whs being absorbed, and 
not the full II. I\ 

Doth these points meant that his scheme* was even more easy 
of application, and no speed gears would be required. 

The spring loaded pressure relief valve should always be fixed 
as a safeguard against sudden accidental closing of a delivery 
sluice \alvc, or other mistake. It should not however be used as 
a means for controlling the quantity of water delivered, since 
water by passing through it had been pumped against the full head, 
md the full horse-power of the engine was therefore being absorbed 
although less water was being delivered. 

The specially designed stop valve with orifice, and the key 
operated regulating valve were already on the market. Hut it was 
not proposed to use these for tin* reason explained in the sentence 
in the middle of page !l of the paper. 

Mr. Desbruslais had mentioned several disadvantages, in re¬ 
dying he would say :— 

(1) The tank on the roof was in substitution for the 
[•howbatcha. The householder had to clean and maintain the 
latter, and therefore it would be no hardship to have to clean and 
unintain a tank. Also, in Calcutta, a large number of houses 
already had tanks, and there was no complaint, in the matter. 

(2) The supply would be sufficient as a rule for a “guest or 
two”. If it was not, there was always the street tap from which 
•xtra water could be drawn. For flu? larger number of guests, the 
temporary connection was provided. This was not a “disadvant¬ 
age*.” Extra water could be obtained for extra payment. There 
was no trouble to the householder. He simply paid, and the 
waterworks staff did the rest. 
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(3) There was no waste of water in dewatering a tank. To Tha Author 
empty a tank, simply shut the inlet valve, and wait until the water 
consumption emptied it. 

(1) The reference to the wealthy bachelor was not understood. 

The wealthy bachelor was likely to have more water for his use 
than the poor man with a big family. That was in the natural 
order of things. Presumably however the Municipality could pass 
a special order, to “tax the, bachelors” if it so wished! 

(5) The idea was incorrect. It is true of course that there 
was a greater pressure at the lower storey than in the upper, but 
by a proper arrangement of pipes and taps, every point in a build¬ 
ing could get similar quantities of water from a central storage 
lank. The pipes to the upper storey would be larger than those to 
the lower storey, to compensate for the smaller pressure. 

The Engineering iToints :— 

(1) The reference to bell-mouth and wastage was not under¬ 
stood, he preferred that pitch should be used in the check pipes. In 
the course of time, tin* check pipes as well as the rest of the mains 
were liable to become encrusted. This was a difficulty common to 
all forms of waterworks, and various methods were used for deal¬ 
ing with it. At the present time, at a small waterworks at Chaml 
pur, the whole of the pipes were being taken out, cleaned, and 
relaid. 


(2) As can be seen from the drawing, the suggestion was that 
the weight of the tank should be carried on the walls and not on 
the roof. Tin* weight of the asbestos sheeting cover was very 
small. 


(3) He did not <Link the fixing of check pipes would be very 
difficult. 

(-1) The pressure reducing valve was automatic, and adjusted 
itself to give more or less water as required, and to maintain a 
constant pressure. 

(5) The remark “A supply of storage in 10 hours” was not 
intelligible. Water would How into the tank for 10 hours, and 
was stored there. If the outlet taps were kept properly 
shut when the water was not required, the water would accumulate 
in the tank, and there would be a good quantity stored ready for 
the time when it was required. 

(6) There was likely to be a very effective check to wastage 
by the public from the street tanks. The people who habitually 
drew water from a particular tank would very soon see to it that 
the taps were properly shut. 
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rhe Author, The points which Dr. Chakko mentioned. 

(1) The rate of flow into a district was not to be kept instant. 
It Avas the head which was to be kept constant (or practically so). 

(2) (a) It was not necessary to keep a uniform hydraulic 
gradient in the main pipes (trunk mains). All that was required 
was that, at times of maximum flow, the gradient should be such 
that the pressure just before the reducing valve was above (how 
much above does not matter) that tixed for the zone. 

(2) (b) The resistance of the mains,—when steel or cast iron 
was used, would increase with age. His replies to the comments 
of other members might he seen. 

(2) ff a valve, at the beginning of a main was closed, it would 
stop Ihe supply to the houses on that main. If partially closed 
it would check the supply and cause a drop in pressure, the result 
being that the flow would cease, first in the highest houses, and 
later in the lower ones. 

(4) With a pure water, the discharge through the check pipes 
would remain constant for a long time. The “prolonged and 
difficult operation” was only half a day’s work or less,—it was 
prolonged and difficult compared with the operation of opening a 
'surface box and turning a tap, which could be done in a few 
seconds. 

(5) Whether a tap in a “sealed or soldered box” would escape 
being tampered with was a matter for experiment. Opinions 
differed as to whether it would be effective or not. He had suggest¬ 
ed the check pipe as a simple, cheap, and effective method of get- 
ing over the difficulty. The check pipes would, he thought, be 
cheaper than a special tap with a special sealed box. 

It would be easy to regulate the flow with the check pipes. 

(ti) Meters for each district would be useful in such a distri- 
- butiou system, though not essential. A meter at the pumping sta¬ 
tion was in his opinion absolutely necessary. A more necessary 
thing for each district would be a Bristol Automatic Pressure 
Recorder. 

The drawing sent with Mr. Wilson’s comment shewed a design 
which would probably be useful in place of cheek pipes in certain 
cases. The design was similar to figure E46 of Messrs. Glenfield 
& Kennedy’s catalogue, aud he had considered it before. Ills 
chief reason for rejecting it was the feature which Mr. Wilson 
seemed to put forward as its advantage,—that described in one of 
his sentences,—“From the construction of the apparatus, it would 
readily be seen that this diaphragm could be altered very easily.” 
His object was to produce a regulator which could not be altered 
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\cry easily. Tin* last para, but one on page JO of (be paper might T h 0 Author, 
be seen. 

lie also thought that the E-1G regulator would be more ex¬ 
pensive than cheek pipes. It might perhaps be cheaper than 
check pipes plus the strainer which he had shewn on plate IV, but 
he very much doubted whether the strainer would be necessary in 
ordinary circumstances with a good filtered water. The orifice in 
the diaphragm of the E4(» design must obviously be much smaller 
than the diameter of his check pipes, and it was essential that the 
orifice should be protected by a strainer. Hut as the smallest 
check pipe was not likely to he less than 1/8", a strainer to pro¬ 
tect the cheek pipe would in all probability be unnecessary. 

He agreed with Mr. Vincent that the centrifugal pump w'as 
eminently suitable for pumping in tin* type of scheme illustrated 
in the paper. 

He agreed with Mr. Tyson Wolfe in his remarks with regard 
to meters. For their proper maintenance considerable expenditure 
was necessary. In meter maintenance in Bengal a difficulty was 
encountered in the fact that the meter was installed by, aud 
belonged to, the householder, and yet the maintenance of it had to 
be done by the municipality. It was in the interest of the house¬ 
holders that meters should go out of order, and although it was 
to the municipal interest that they should be kept in order, the 
forces operating towards good meter maintenance w r ere not suffi 
ciently strong. 

The statement in bis paper to the effect that the full If. P. of 
the engine was absorbed although no water might be delivered by 
the pump was incorrect. As noted in replies to other comments, 
the II. J\ absorbed should be only about l/3rtl of the full load 
H. P. 

With regard to the efficiency of flu* distribution system, he 
might point out that with the old method of design the efficiency 
of the transmission was even less. It had been the practice in his 
office to design the system with a terminal head of 10 ft., and an 
initial head, (in a flat town) of about 50 feetgiving an efficiency 
of only 20 per ceut. The design of a distribution system was of 
course a matter of striking a balance between the cost of fuel for 
pumping and the interest on the capital cost of the pipes. 

With regard to the ball valve of the service tank, it was of 
course possible that this would be tied open. But he did' not 
see how that would enable the householder to obtain more than his 
proper share of water. He would gain nothing thereby,—the 
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i-o,suit would simply Ik* (lull wafer would How out of the overflow 
pipe and would- be wash'd. The cheek pipes would limit tjie daily 
quantify of wafer lo approximately the agreed amount, so tliaf 
the waterworks was not overtaxed. The overflow pipe was dealt 
with in rule S, page IS of the paper. 

Mr. Malum Dev had mentioned several drawbacks:— 


(1) Weight of tanks might be too much for the roofs. lie 
would draw Mr. Dev’s attention to the first para on page 12 of the 
paper. If the walls would not carry the weight, the tank might 
be placed on a brick or iron pedestal in the compound. 

(2) lie drew attention to the explanation of rules (i, 7 and 8, 
on page 13 of the paper. Cost would be no more than (hat of the 
present system. Tin* point was referred to again towards the end 
of the comments. Since I he total cost of a house connection would 
be no more than that in the present, system, the public would not 
object to it. 

(3) Attention to 2nd para on page 12. When a street was too 
narrow for a road side tank, the tank would be placed at the end 
or on the nearest available space. 

(4) Cost of sun protection was included in item (2), see page 11 

(5) & ((i| (’heck pipes might widen out or become less in course 
of time. lie thought it would be a considerable lime. Water 
works appliances of every kind required occasional attention and 
rectification. 


Mr. Dev had pointed out the advantages of the electrically 
driven pump over that driven by an oil engine, he seemed to over 
look the two all-important points, vis., that in many eases electric 
power was not available, and also that when it was available the 
cost per unit was so high as to make electric pumping prohibitive. 

Mr. Dev remarked at the end (hat the occupiers would not 
care to pay attention to the cleaning of the tanks. Since the tank 
belonged to the householder, and since the ill effects of the dirty 
tank would fall upon him and his household only, lie thought he 
would keep it clean. If lie did not, his negligence would not affect 
other people or the water supply as a whole. 



SOME WATER TOWERS IN INDIA. 

BY 

F. C. TEMPLE , Member. 


This is a brief account of 10 water towers constructed during 
ilie last 10 years varying in size from a little tank containing 800 
gallons with its iloor some 12 ft. above ground level, to one contain¬ 
ing 11 1,000 gallons with its floor 82 ft. above ground level, and 
another of two tanks each containing quarter of a million gallons 
-me at ground level and the other 25 ft. above it, and of two 
designed in accordance with instructions but as so often happens 
in India postponed iudelinitely for want of money. 


PURI LEPER COLONY. (Plate 1.) An octagonal tank S' 
diameter 2'—(>" deep ou a tower 12 ft. high. 

The walls of the tower arc of laterite 15" thick. The floor of 
the tank is a slab of concrete 0" thick reinforced with No. G2 
expanded metal. Round the outside of the tower at the level of the 
floor slab is a band of cement plaster. Overflows are through brass 
gratings over concrete spouts. At the top of the tank walls is a 
reinforced concrete cliajja or sunshade. The roof is a dome of 
hrick work, the first eight, courses being built in cement with two 
mild steel hoop tension rods. The lantern is made of timber and 
wire mesh. The top is hinged, so as to provide means of access for 
cleaning the lank. In the chamber below is a Challenge Force 
pump which draws water from a well just outside and delivers it 
into the tank. The supply is drawn from the rising pipe and 
delivered through four self closing taps placed round the. outside of 
(lie tower. 


i’CJRI CHOLERA HOSPITAL. (Plate 2.) A circular tank 

12'- -N" diameter, 5' (>" deep on an octagonal tower 12 ft. high. 

The architectural features of the tower were designed by the 
Government Architect Mr. .T. F. Muimings. The walls of the 
tower are of laterite blocks. The floor of the tank is of reinforced 
«oncrete. The reinforcement is rods, (>" apart at right angles to 
one another at the bottom and radial rods at the top. The w'alls of 
ihe tank are of masonry with a reinforced concrete core in which 
are set the steel tension rods to resist the water pressure. The 
roof is a light dome on a steel frame work the panels of which are 

K 
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filled in with 3" thick concrete reinforced with diamond mesh. 
Access is given by a 2' sq. manhole set in the dome. Ventilation is 
given through gauze, covered openings all round a lanttg-u. The 
inlet pipe which is controlled by a ball valve is brought up the out¬ 
side of the tower. The outlet is taken out of the centre of the 
floor. 


MUZAFFAKPUR HEAD WORKS RESERVOIR. (Plate ii.) 
The pumps at (he Mazaii'arpur waterworks deliver into three 
elevated reservoirs, from which the distribution pipes are fed. 
One of these is situated at the Head Works. It consists of a 
circular lank 23' diameter containing 2-1,000 gallons with .10' depth 
of water and floor 30' abo\e ground. It is carried on an octagonal 
brick tower and a central shaft which is carried through the water 
space to give access. The weight on the brick work is limited to 3 
tons per square foot. The tower stands on a reinforced concrete 1 
block spreading the load to h ton per sq. ft. on (lav soil. The floor 
of the reservoir is of o" brick set in cement. Naif bricks and 
random bats were used, set on end. In the joints are steel rods, 
forming a grid at right angles of rods f>" apart in one direction and 
3" apart in the other. Over the 5" of brickwork is (>" of cernenl 
concrete. 


The reservoir is a true balancing reservoir. There is only one 
pipe for inlet and outlet : when the supply from the pumps exceeds 
the demand the excess water accumulates in the reservoir: when it 
is less the deliciencv is made good from the reservoir. The single 
pipe is brought through (he tloor and finished in a bell mouth on the 
floor level. Overflow is by a 1" pipe also taken through the floor. 
Where the pipes go through, the reinforcement of the floor is 
secured to a steel ring, and the floor is strengthened by the addition 
of a reinforced brick beam, extending from the outer wall to the 
central shaft. The junction of the pipes with the floor is rendered 
watertight and given pliancy to allow for inevitable movements by 
a collar of soft bitumen. 


The walls of lhe fank are of cement brickwork forming an 
inner and outer lining enclosing a cement core reinforced with 
Expanded Metal. 

The roof is a two ring brick dome set in cement. The tensile 
strain in the lower part of the dome is taken by steel wire set in 
each course of the brickwork. 

Ventilation is through wire gauze covered openings in a lantern 
on the dome. These openings are arranged to give access to the 
outside of the dome. 
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Control valves aye placed in the bottom of the tower and there 
is a bye pass for pumping direct into the mains v'lien the reservoir 
is being repaired. 

A water tower almost exactly similar to this in the superstruc¬ 
ture and tank has been built at the Indian Iron and Steel Works, 
Asansol. 


MUZAFFARPUK SOUTHERN RESERVOIR. (Plate >,.) 
This contains 70,<MH) gallons and like No. 3 is a true balancing 
reservoir. The tank is 39' diameter holding 10' depth of water, and 
rests on two concentric brick towers, the inner one of which is 
carried right up to I he roof. Weight on brickwork is limited to 3 
tons per s<p ft. The tower res Is on a reinforced concrete block 
giving a load oj: \ ton per sq ft. on the soil. The lloor of the 
reservoir is carried on the two annular brick towers and on rein¬ 
forced brick beams set between the inner and outer towers. The 
construction of the Hour of the tank and the arrangement of the 
combined inlet and outletpipe and of the o\erlow pipe, and the 
construction of the walls is the same as in No. 3. Access is pro¬ 
vided by means of a ladder to a landing in the inner tower and 
ihence by another ladder through a shaft in the centre of thhe tank. 

The roof is a. very light dome shaped structure resting oil the 
inner tower at the emit re and on the outer walls. It is 2]" thick 
reinforced concrete made by fixing wire meUi on a light steel frame 
work and as the engineer in charge said ‘‘throwing cement, plaster 
at it.” 

Ventilation and aeeess to the outside is provided by wire gauze 
covered openings in a lantern. 


MUZAFFARPUR NORTHERN RESERVOIR. (Plate 5.) This 
is a balancing reservoir similar to Nos. 3 and 4 but holding 100,000 
gallons. 

The design and construction are similar to that of No. 4 except 
that as the diameter of the tank is 47' the roof is built almost flat. 
The outward thrust due to the slope of the roof is taken up by a 
steel ring set in concrete. 

Tn No. 3, 4 and 5 provision for the inevitable movement at the 
junction of wall and floor of the tank is made by taking the rein¬ 
forced core of the Avail down to the underside of the tank floor. 


PATNA GENERAL HOSPITAL RESERVOIR. (Plate 6.) 
Thn consists of a circular tank containing about 25.000 gallons. 20' 
diameter with a dished spherical bottom of 15' radius. The dished 
•pherical bottom rests on an annular brick tower some 35' high. 

m j 
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The dished spherical bottom is constructed in reinforced concrete 
designed on the principles laid down for steel tanks by (^he late 
G. F. Deacon, M.I.O.E. based on the fact that the tensile stress at 

any point is where v is the. radius and p the pressure per unit 

area. The reinforcement is arranged in concentric rings and 
radial lines so placed that in every area there is sufficient steel to 
take the tensile strain. As the radial rods go apart and are too far 
separated to take the stress others are introduced in the inter 
mediate spaces. The stress of the whole bottom is secured on the 
walls by a reinforced concrete ring into which the radial rods are 
bent over. The walls are built as in No. .‘1, 4 and 5 of two rings of 
brick enclosing a reinforced concrete core. In this form of 
construction there should be no separate movement of walls ami 
floor. The roof is of 3" reinforced brick panels, 3" thick on a frame 
work of 11, x 11x3/1(5 T iron. Ventilation is provided by a lantern 
at the top. A ladder outside Hie tower leading to a manhole in the 
roof from which reinforced concrete steps lead down to the dished 
bottom gives access to the tank. The inlet and outlet pipe are one 
almost up to the floor but as the top water level is below that of the 
Patna elevated reservoir, the pipe is divided to give inlet through 
a ball valve at the top and outlet through a non- return valve at the 
bottom. 


RANCm LUNATIC ASYLUM RESERVOIR. (Plate 7J 
This is a balancing tower of 50,000 gallons capacity very similar to 
No. G in design except that, on account of the commanding position 
that it occupies on top of a hill much attention was paid to its 
architectural features, and a balcony was added from 'which the 
view of the surrounding country can be seen. The tank is 30 ft. 
diameter with a spherical dished bottom of 21 ' radius, the depth of 
water being 10' at the, walls. The tank is carried on a masonry 
tower 34' high. This tower has a base of rough dressed stone, and 
above is of brick with stone quoins. The bottom of the tank is con¬ 
structed in the same way as that of No. fi except that the radial rods 
are projected out. to form the cantilever floor of the. balcony. The 
rods are £" rounds spaced concentrically and radially at 6" inter 
vals, and on them is laid wire mesh. The walls are similar to those 
in No. G the core being reinforced with x.p.m. and rods. The 
balcony has a roof which shades the sides of the tank and helps to 
keep the water cool. This roof is of light reinforced concrete tied 
to the wall of the tank and resting oil reinforced concrete pillars 
standing on the cantilever floor of balcony. The roof of the tank 
Is of reinforced concrete on a light angle iron frame The lantern 
which provides light and ventilation is sufficiently heavy to put the 
whole of the dome in tension. (See Stress diagram.) Access to the 
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balcony and to the tank is provided by a turret staircase. The 
combined inlet and outlet pipe is brought up direct to and through 
the bottom of the spherical dished bottom. The valve gear is 
similar to that in Nos. 3, 4 and 5. 

The spherical dished bottom built in concrete is not entirely 
satisfactory. The concrete is all in tension and sweats nearly 
always. I1‘ the reservoir is empty the concrete contracts slightly 
as it dries and the sweating is thereby increased. When it becomes 
wet again it swells and partly at any rate “takes up.’’ Tint archi¬ 
tectural features of this tower were designed by Mr. J. F. Munuings, 
Govt. Architect. The total weight of the tower when full of water 
is about lit) tons. The load on the brickwork does not exceed 3 tons 
per s<|. ft. and that on the foundation l ton per sq. ft. 

PATNA NEW CAPITAL RESERVOIR. (Plate 8.) This 
reservoir had a chequered history. Mr. G. W. Disney proposed 1<> 
erect a steel tank to hold 100,000 gallons on a lattice frame work 
some 50' high. Mr. .1. F. Mannings persuaded him to put it on a 
masonry tower and clothe it in masonry with a domed roof. Mr. 
N. McTv. Barron who came as Mr. Disney’s assistant persuaded Mr. 
Disney to raise the level of the then* of tin* tank to 85' above ground, 
but meanwhile the P.W.D. had begun construction. By the time 
the author took charge the tower was some 30' high. Owing 
presumably to the divided responsibility no opening except the door 
with a portico intended for access had been left by which the water 
could go in or out. 

The design of the tank was then changed from steel to rein 
forced concrete, and the capacity was raised to 118,000 gallons. 
It is 43'internal diameter and contains 12'--0" of water. Tt is 
built of reinforced concrete throughout. Tt rests on a circular 
brick tower and on two brick cross walls which divide the tower 
under the tank into three compartments. 15" x 5" Cross girders 
run between the cross walls and the circular outside wall. 

The centering for the floor was made of planks supported on 
the lower flanges of the girders. At the floordevel the outside wall 
is corbelled out to form a balcony. This gave sufficient space with 
the help of extra staging on the scaffolding for mixing the concrete 
at the floor level. The materials were all hoisted up in advance. 
Concreting of the 6" floor was started at 7 A.M. Labour was pro¬ 
vided in reliefs, so that from start to finish w T ork proceeded on a 
greeu face avoiding the formation of construction joints and 
finished at 10-30 P.M. The reinforcement was X.P.M. laid one inch 
above centering, with strips near the top over the beams to take the 
reverse bending moment, The 12" combined inlet and outlet pipe 
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linishes in a bell mouth level with the floor. The overflow is a 12" 
hell mouth leading into a 4" pipe. Where both these pipes pass 
through the floor they are fitted with a flange round which is a 
collar of soft bitumen to stop leakage. To prevent damage to the 
floor from movements in sueli high stacks the 12" supply pipe is 
iittbd with a stuffing box expansion piece, and the 4" overflow is 
given an S bend cast off. 


The walls of the tank are of concrete 9" thick reinforced with 
\\I\M„. The centering for the walls was made of 9" brickwork in 
mud. This did not give a good surface and a h" cement rendering 
was necessary. 


The roof is a dome made of panels of reinforced brickwork 3" 
thick supported on an angle framework, the whole being surmounted 
by a lantern of concrete reiuforced with steel rods. Access to the 
balcony is obtained by a reinforced brick staircase which goes up to 
a landing inside the lower leading out into a small balcony from 
which a ladder leads up to the main balcony. From the landing a 
reinforced brick walkway hung from the girders of (lie floor leads 
to flu* expansion joint in the stack of the 12" supply pipe, and a 
spiral staircase leads up through Ihe water to the inside of the 
dome. Thence iron ladders lead down into the tank and lip into 
Ihe lantern. 


When the tank was first, litted there were some had sweatings 
in the floor and some definite leaks in the walls particularly in that 
of the spiral staircase. These were stopped with ironite and with 
Mutex. 


The supply pipe entering the base of the tower from the pumps 
is 15". It leads up into the tower through the 12" stack already 
described and delivers to the town through all", and two 8" pipes. 
The two latter are fed through a Deacon waste detecting meter. 
There are control valves on each main and a byepass makes it 
possible to supply the town without going into the tank. 

The sub-soil at the site of the reservoir is by no means 
homogeneous as layers of clay and sand alternate, their thickness 
varying very considerably in different places. It was not until the 
tower had been built some 20' above ground that it was observed 
that, it stood on a clay bed only 11'thick and that 7' of that had 
been dug out for the foundation. Underneath is a water bearing 
sand. If any settlement has occurred it does not appear to have 
injured the tower. 


JAMSHEDPUR CENTRAL WATER TOWER. (Plate 9.) 
This tower is situated on the highest piece of ground in Jamshedpur 
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proper. It contains two tanks each holding about quarter of a 
million gallons. One tank is at ground level and the other has its 
floor df> it. above ground. The upper tank supplies all tli£ high 
level area of the town, and the lower tank supplies the low level 
areas by trunk mains which run untapped through the high level 
area. The tower rests on a foundation of -I'- -0" of cement concrete. 


The inside diameter of the lower tank is 55 ft. 


base is d'—,‘j" thick, composed of an outer skill of brick work 18'' 
thick and inner skin !)" thick, with a 12" reinforced collar between 
them. The reinforcement is 1" rods running round the tower and 
secured to vertical \" rods about 12' apart. The maximum depth 
of water in the lower tank is 20 l't.; at this level it overflows through 
eight spouts on to the ground outside. From top water level of the 
lowin' tank to the floor of the upper is Id ft. Reinforcement in that 
height of the walls is not. necessary, but 1/2" rods were placed 12" 
apart to give greater strength to the tower. To help to carry the 
weight of the upper tank and of the roof a shaft of brickwork with 
internal diameter 1(>- 2" and external diameter 22'- 8" is carried 


up to the upper floor. To carry the iloor of the upper tank 15" x (!' 
rolled steel joists are placed radially between the shaft and the 
outer wall and 15"xti" parallel across the shaft. On tin* lower 
flanges of the Iloor joists a centering was built and on the center¬ 
ing reinforced brick slabs were set from joist to joist. The 
strength of tin* local bricks is not enough to stand the crushing 
stress of the weight of water in the upper tank, so the bricks wen- 
cut; sons just to lest on the edges of the joists to form a water tight 
junction, and were slightly bevelled towards the top, allowing the 
cement concrete of the floor to come down on to the top flanges of 
the joists. The reinforcement ran through continuously over flu- 
joists. The concrete for this Iloor was mixed on the ground and 
hoisted up ready mixed. Concreting started at 7 Ail. and went on 
continuously until 2 A..M. next morning. 1--2- 2 concrete was 
used without the addition of any water proofing material and this 
floor has never shown any sign of dampness. The wall of the uppei 
tank was built in the same way as the lower. At the junction of the 
wall w r ith the floor of both the upper and lower tank a bitumen 
joint was made to allow for the inevitable movement. The central 
shaft was carried right up to support ibe roof and lantern. 


Attached to the lower tank is tlie semicircular valve chamber 
covered with a half dome. Into this comes the 18" rising main 
from the pumping station. It breaks up sending a 10" branch to 
Kadma, a 10" branch into the lower, and a 12" branch into the 
upper tank. Bye-passes are arranged so that either tank may be 
cut out for cleaning. Part of the low level area of northern town 
can be fed at will from tlie upper or lower tank. 
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Tlie bend required to send tbe necessary water into the upper 
tank arid to Kadma is tire same. The margin of head available 
at the pumping station is small, so in ease at any future time it 
becomes too small, for the duty, space has been left in the valve 
chamber to put in a middle floor with boosting pumps to add the 
necessary pressure to the water in the mains. The necessary blank 
flanges for this purpose have also been provided. To make the half 
domed roof of the valve chamber strong enough to carry any weight 
if machinery has to be installed would have been difficult, so a 
(riangular structure of (> steel beams, three forming a horizontal 
triangle and the other three a pyramid on it as a base, was erected 
on the walls. This actually carries the weight of the upper part 
of the half dome, and it also carries the cast iron grid floor which 
is reached by a reinforced concrete spiral staircase. From this 
landing iron steps lead to the entrance into the tower above 
T.W.L. of the tirst tank, through which go the iulet pipe to the 
lower tank and the inlet and outlet pipes of the upper. The in¬ 
let to the lower tank runs on a. platform to the centre where it dis¬ 
charges through a float valve which comes into action if the lower 
tank fills before the upper. Access to the bottom of the lower tank " 
is given by a steel ladder. 


A circular shaft leads up through tbe upper tank to the space 
above T.W.L. In the shaft are the iulet pipe which discharges 
free into the upper tank over the top of the shaft, and a spiral 
staircase which is placed at one side to allow of hoisting materials 
by means of a tackle hung from a beam placed over the shaft. 

A cantilever platform runs all round the upper tauk giving 
access to the gauze covered openings which are protected outside 
by a reinforced concrete chajja. A steel ladder leads down to the 
floor of the tank. 


The conical roof is supported on a steel frame work like the 
ribs of an umbrella. The roof itself is made of 3" reinforced brick 
work resting on the steel frame work. It is covered with a glass 
mosaic of broken soda water bottles set in cement. This glass 
mosaic glistens in bright sunlight and at other times looks like old 
copper. 

The top of the tower is flat, over a ring of gauze covered open¬ 
ings. A manhole leads through the roof. For convenience when 
repairs are necessary iron rings are built into the masonry all 
round the top of the cone. 

The difficulty of maintaining the water supply in the town in 
the hot weather was such that during one hot season when the 
lower tank was built up to T.W.L. it was used as a balancing 
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reservoir. This lengthy test disclosed a Jew points in the walls 
which were not water tight, and they were grouted up. The whole 
of tlit* inside of the lower tank was cement rendered with aVemeut 
gun. The difficulties of this operation are described in a paper 
published in the proceedings of the Institution of Mechanical 
Engineers in December 1920. The rendering was hard throughout 
but at a few points was slightly porous. This was cured with 
(V.erelnq>’s Petrifying Liquid. 

When the upper tank was complete except for its cement 
rendering it was tilled with water. A great many places in the 
walls sweated, some leaked and two even squirted. To set 1 what 
was wrong the inner brick lining was cut out at the worst [daces, 
ft was then found that the work on the core joint tuul been cave 
lcssly done, and that enough tint 1 mortar had not been list'd at the 
beginning of the tlay’s work to ensure close contact with the [ire 
vious day's work. All such places were made completely water 
tight, by setting in 2 ;/ pipes and leading them up aho\e T.W.L. and 
grouting therefore under greater pressure Ilian the water could 
ever exert subsequently. After all leaks were stopped the inside 
was cement rendered. To erect a scaffolding from (he floor of the 
tank would have been a long, tedious and expensive job as all tin* 
material would have to Ik* hoisted in and out again through 
narrow openings high above ground level. Instead barrels and 
and planks wen* hoisted up and rafts were made. The rendering 
was then done from the rafts. A little water was let out each day : 
enough to allow the men to plaster another ring. This method was 
not entirely successful because the bricks were so porous (all Hie 
local bricks are very poor) that they held water like a. sponge, and 
let i( ooze out just, sutliciently to prevent tin* rendering holding 
continuously to the brickwork. After two or three months’ use the 
tank was emptied and I he loose patches cut out, and replastered. 

The architectural features of the tower were designed bv 
Mr. G. Witlet, F.R.1.15.A. The sunk panels are plastered w T itii 
grey cinder mortar which has the effect of making the pilasters of 
sand plaster stand out. very plainly. 

II was originally intended to regulate the supply to the tower 
by a telephone system from the pumping station nearly two miles 
away; but experience has show'll that, it is necessary to keep men 
always on duly in the tower to balance the supply in top and 
bottom tanks. The presence of these men is convenient as they can 
be called for minor plumbing repairs, or in ease of trouble in the 
night. 

That th<* tanks have remained entirely free from algoid 
growths during four years’ use is believed to be due to the presence 
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ol :i \erv slight amount <►!' chlorine left from Hie chlorination al 
the purification works. 


.IAMSIIEDJMR KADMA RESERVOIR. (Plat, JO.) The 
.[amshedpur wafer supply system is designed to he fed from a 
nunfhev of reservoirs placed in*commanding situations, each in¬ 
tended to hold approximately one-third of the day’s supply for the 
area that it serves. Of the proposed reservoirs two have been 
built, serving" three areas as one of the towers containing two 
tanks. Tin* Kudina reservoir holds 270,000 gallons. It is built, 
on a. rock the top of which is sufficiently high to command the 
whole area. All loose and rolten pieces of the rock were cut out : 
the fissures were tilled with 1 .‘1 <i concrete : and a. floor of 7 inches 
cf 1 2 4 concrete laid o\er that. The walls are two rings of brick, 
work 0" outside and 0" inside with a iV reinforced collar joint. 
The roof is carried on the outside wall and on a shaft near the 
centre which is carried up to form an access chamber. It is a flat 
reinforced brick slab laid over radial beams and covered with lime 
concrete. The access chamber is covered by a Saracenic dome. 
This dome was built without, any centering. Each course was 
started by fixing spikes in the course just finished and working 
round from them until the ring was complete. As tin* rings closed 
in each man had a. helper to hold the bricks just set until the ring 
closed, ruder the final opening when it became too small for a 
man to work a few planks were placed and film gup was filled from 
outside. This reselloir is at a Iowan- level Ilian another tilled 
through the same rising main, so is controlled by a ball valve. 
The inlet pipe goes up the outside of the wall with a vertical iron 
access ladder lieside it. The outlet is through a bellmouth in the 
floor. There is a wash out. connexion to the delivery main, and a 
bve pass provides foe pumping direct from the rising into the deli- 
\ery main when necessary. Ventilation and light are given through 
2'x:t' gauze covered windows situated above fop water level and 
just, under file roof. They are protected by a eliajja which goes all 
round the tmver and shades tin* walls to a considerable extent 
from the sun. 


The remaining two ate only designs which will very likely 
never materialism 

SITAMARIII RESERVOIR. (Plate 11.) The scheme for a 
waterworks at Sitamarhi was designed at a time when much in¬ 
terest was being taken in minor waterworks schemes. The idea 
at the back of these schemes was that by finding a small source of 
water and erecting a pump and an overhead tank with a small filter 
the advantages of a filtered water supply might be demonstrated to 
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a small part of a town. The idea was totally uuprae 
ti'eal but it was sponsored by the people who had the money, and 
much good explanatory boring work was done, disclosing * among 
other things a sweet non ferruginous Artesian water underlying 
Balasore and a very extensive water bearing sand underlying 
Sitamarhi. The Sitamarhi bore hole behaved very well under 
test and it was accepted that a regular supply of 50,000 gallons a 
day with occasional demands of 75,000 could be obtained. Tin* re¬ 
servoir designed to deal with this was to hold 50,000 gallons. 
Here as in the Muza liar pur reservoir it is proposed to provide 
access to the tank through a central shaft. The design differs 
from the others in that the annular tank should have its floor 
dished so as to put all the steel in tension. If the author had to 
build this now he would alter the design and make the floor flat 
or even arch it upwards so as to put the concrete in compression. 
Experience has shown how much easier it is to make concrete 
watertight against compression than against tension. 

DALTONGANJ RESERVOIR. (Plate 12.) The town of 
Daltonganj lies along the side of a hill. Its water supply is from 
the East Indian Railway tank, through a pair of Jewell pressure* 
filters. These filters were a great disappointment a»s they fre¬ 
quently delivered muddy water into the town. This was not the 
fault of the filters. They never had a chance. They delivered 
direct inlo the town mains, and at times of maximum demand 
were called upon to pass much more water than they were design 
ed for. The proposed reservoir was intended to balance the supply 
and demand. Tt was to be a tower containing two tanks one 
above the other, to supply the different levels of the town. The 
principal interest in this design is the architectural treatment de¬ 
signed by Mr. A. Millwood, Govt. Architect, to combine the 
tower holding the tanks, the access turret and the valve chamber 
in a harmonious group. The lower tank was fo rest on the ground 
and the upper was to have a Deacon spherical dished bottom. 
Both inleis were to be above T.W.L. the lower being controlled by 
a ball valve. Both outlets were to hi* from the centre of the dish¬ 
ed floors. 
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DISCUSSION ON 

SOME WATER TOWERS IN INDIA. 


Mr. 0 . 

UrarisRy 

Williams 


Mr. <». J’r.wsuv WTu.mis remarked fli.-it Mr. Temple's ]>;t jkj 
on wnloi' lowers was [oil ticiilarly interest mg to him, lor lie ii,i< 
probably designed ;md erei led more water towers (ban anyone c!m 
in India. Most id the stun lures lor wliieli lie had been re,spoiisili!i 
were lie must confess more nsel ill than ornamental in w liieli respn 
he thought they lesembled the majority of the towels illustrated id 
the paper. The truth was dial it was e.\lremely diilinil! to di'Mi;:i 
a water tower that was sal isfaetoiy from I Ik* aesthetic [mint m 
\iew, unless it was made to look entirely unlike a water town, 
This problmn was one of many llml raised the wide (pieslion m 
engineering a i eliilri I lire, which, he might eon less, \\;is a snlijil 
on which it laid bemi his ambition to write a (realise, in 1 In* lino 
(that e\er seemed to gel more remote) when he could desert i|h 
I' ll rely utilitarian side of his pmfession and devote himself lo i in 
philosophical eontemplalioii of its theoretical and psychology at 
aspecls. 

11 is view was that what was required in the civil cngincci mu 
world was a class of men w ho specialised in engineering arching 
(tire. It was dillienlt to say whether more monstrosities wen 1 
produced when the ordinary aichiterl hied jo design cngincci m:, 
structures, or when I he average engineer endeavoured to do an 
-arch it (“id's job. A sltaielnre derived a certain beauty from be ug 
entirely suited for the purpose it served, but it could anpHi 
nothing hut ugliness from meaningless cxerelions. As an example 
o! this thesis he might point out that nothin}* could be more grate 
Jul and suitable lo its surroundings than I’rumd's (diptic hrnk 
arch over the Thames at Maidenhead. If all engineering archilcc 
tiire were planned on similar simple lines the present day world l " 1 
much more beautiful for it. 

lie was taking the liberty of shewing a pholograph of the wain 
t°wer In* had recently designed and erected at Touch IJohar, u' 
which he ventured to say, lo some extent at all events, his pii" 
ciples were illustrated. He did not suggest that ii was an ideal 
structure but he did think it reached a higher aesthetic standa"! 
than most waiter towers in this country. 

As this water tower had some interest from a purely engineer 
ing point of view, he hud also shewn a plan and section of t he 
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building. The basement served as a pumpin*; station for Hie wafer Mr. u. 
works. Three motor driven triple ram pumps formed the pump- 
ing machinery. Two pumps were usually in work, (he third being 
a standby. The water supply was taken from two tula* wells, the 
pumps drawing separately on each well. The tank itself was of 
steel, with a hemispherical bottom. The capacity was about .“>5,000 
gallons. It aeted as a balancing tank, the inlet and the outlet 
being through the same pipe. The roof was a reinforced concrete 
dome. The access to the tank was through a spiral staircase built 
in the turret which was extended above the dome of the main struc¬ 
ture to a linial, St) f<*et. above ground level. 


In regard to domes, he must confess that, one remark of 
Mr. Temple's had pu/./.led him. lie spoke of the lantern over the 
Ranchi Lunatic Asylum Reservoir as being sufficiently heavy to 
put. the whole dome into tension. The only condition in which 
every part of a dome could be in tension seemed to him to be when 
the pressure was from inside. In such circumstances the position 
would be similar to that in the hemispherical bottom of a steel 
tank if that were inverted. If his assumption was correct we 
arrived at a paradox, that the heavier weight we put on the dome, 
the lighter if became! so if we only increased the weight sufficient¬ 
ly, the upward pressure would be enough to raise the whole struc¬ 
ture from the ground and let it float away. In fact all wo had to 
do to build an airship would Ik 1 to construct a dome and put a 
heavy enough weight on the top. Even Einstein had hardly 
suggested such a complete subversion of our ideas of the force of 
gravity so ho presumed there was some fallacy in his reasonings. 
He would he obliged if Mr. Temple would point if out. 


Mu. J. M. Ray remarked that he deprecated the additional Mr. j. m. 
tower for the staircase on grounds of economy. A stair could be Ray - 
cheaply put. in winding alongside the wall of the main tower. The 
space between the, iStcvl tank and the wall supporting the roof was 
only This he considered too narrow. It gave sufficient, space 
for a. man to go round but he thought it too cramped for workmen 
to do any repairs as cutting out a. rivet or painting. The ventila¬ 
tion holes appeared to him to be inadequate from the drawing. 

He would like to know the reasons why Mr. Williams chose a steel 
tank in preference to reinforced concrete tanks—whether he* found 
the former to he economical, llis remarks on the additional tower* 
for the staircase and comparative economy of steel and reinforced 
concrete tanks applied also to Mr. Temple’s paper. He wanted 
to know Mr. Temple’s opinion about the best paint to use for 
painting steel reservoirs. He questioned his advice of allowing a 
reinforced concrete floor slab to go right over the supporting wall 
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Mi-. J. M. 
May. 


Mr. (i 

Braiifliy 

Williams, 


Tin' Author. 


ns In* Ibought Iho weight of tlit* upper story wall resting on the 
reinforced concrete slab would present expansion and contraction 
thereby tending to produce cricks. • 

.Mu. (i. Knvxsia AVii.mams in reply to .Mr. J. .M. Kay said - 
The staircase tower added to the elfecL and did not materially 
increase the cost for if it had not been constructed the main tower 
would have had to be made larger. A span* of 2 ; was quite sutli 
cienl for I he purpose for which it was required. The ventilation 
holes were 2' in diameter and a siiilieicut number had been 
provided. It was not necessary to go into the question of com¬ 
parative cost, in that case for the steel lank had been adopted on 
account of the liability of Coocli Deliar to earthquakes. 

Tin-: Aitikhi in reply said that he very much deprecated what 
he was only able to describe as the gross materialism of many oi 
the comments on his paper. The point of view appeared to be 
that as a wafer lower would probably not be beautiful, the 
cheapest possible structure however hideous should be erected 
simply because it was the cheapest. He had never agreed with 
that point of view and preferred masonry water towers to steel 
because he thought la* could make them less ugly. In his arclii 
tectural efforts he had been much helped by the Intel Mr. (ieorge 
AVittel. (lovernmcul, Architect in I'ombay, who had told him 
never to put a meaningless string conrxc or moulding, and to 
remember I lint shadows and openings are more noticeable ami 
therefore more, important in design than walls and pillars. An 
Inspection of the designs attached to the paper would show that 
outside mouldings were almost all put where extra strength was 
required. For instance, in a raised tank the line of the lloor 
might be emphasized by a moulding outside as extra strength was 
required at that point; and indeed one of the easiest ways of 
preventing leakage at (he junction of walls and lloor was to put a 
reinforced collar round the foot of the wall, so that the wall could 
actually stand and move in a joint of bituminous material. Again 
a chajja or sunshade throwing a pleasing shadow could reasonably 
be put over top ventilators. 

The statement that a heavy lantern could put a whole dome in 
tension was of course very loosely worded. The formula however 
for calculating the stresses in a dome, given in Marsh and Dunn's 
Hand Kook, actually gave a diagram to that effect. And it was 
true that a dome with a heavy lantern would fail, if it did fail, by 
bursting at some point possibly close to tbe lantern. The masonry 
carried the load in compression, but hoop reinforcement would be 
necessary to the top of the dome to prevent failure by bursting. 
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lie. had built inside and outside staircases to give access to 'mo Author. 
I lie tanks in his water towers and on I lie whole lie preferred them 
outside, because they gave much more convenient-space for pipes 
and valves and were very little if at all more expensive. If a stair 
case was put inside, t he whole, tower had to be enlarged to give the 
necessary capacity, thus adding to the cost of expensive main walls 
and floors and roof. 

lie Was in favour of carrying the floors right through the walls. 

He thought there was less danger of cracking than when the floors 
were built into a recess in the wall. In the same way, he was in 
favour of building roofs right over walls, and starting parapets 
afresh on the roofs, lie had never been able to understand the 
Indian custom of building roofs in a niche on the walls of houses 
and in his experience leakage nearly always occurred at that point. 

A Hat roof was bound t.o mo\e and he was in favour of letting it 
move on top of the walls. It was most, improbable that it. would 
move always in the same direction and so creep off the building. 

lie had tried many water prooling materials mixed with 
cement but. bad found that the best method of obtaining waterproof 
cement, work was to use plenty of cement, and to see that it was 
put in the proper place, lie used a, one to one cement, and sand 
mortar to start each day’s work in cement, cure Idlings of brick 
walls, and arranged 1 for raised Homs lobe made in one continuous 
operation so that work was done throughout on a ‘green’ fan 1 and 
(here were no const met ion joints. 

lie had used cement grout, forced in underpressure both by 
gravity and by a pump to stop leakages with some success, llo 
did not recommend large* ventilators to water tanks, as they let, in 
I no much light and thereby encouraged algoid growths. He 
preferred plenty of small ventilators, well shaded by a eliajja. 

Ill* had tried many pa infs for protecting steel from rust and 
had not yet found one that he considered really sat isfactory. This 
had influenced liis preference for masonry or reinforced concrete 
tanks. 



10001 BEHAB WATEB SUPP 

WATER. TOWER. 


AtCTlO/IM. PLAN AT T U. 


w»o of npu m com&act n% a 


ten t»o* niu Am., 

6^B«oyLf „ 
ia*Th 40 MI st iMroicbr^t rvT| 

r~ -L~:. 


' '"// , s\Vs 

/ / //'/, /.. - - --y ' 

■'‘■A ' v-.ii-.'-.:;.' », 




>WA ' 

tk 






- -- >, »Alut-pon ruannuiwi 

4'v>' x V0v:^ 


i 




r i;i i! 

Niii'lV, 

'. .I.l 1 '" U r 




1 -. : fjTqf? r ii--- 

■ ’[- f 5 a A 

H,(« I'; ' ;fcW 

’ '- !:, i 




’, V *\V' '' N '* - - = "7 j*» "f 
A\\'Ss\ ■: 

.-fr r -:-Tf. 


i^iauno iam luiui 1/1 a* 

lumMUt »u«vra«l *tnT 


ino or n»u »« contract m a 

< iiifpiy «*i» to --- 


turauut >«• 

on«n» oift 

ipotikk »0KIT T*riT onii-fifL. 




























































THE RECONSTRUCTION OF THE 
2’ 6” GAUGE BRIDGE ACROSS THE 
NERBUDDA RIVER, BENGAL-NAGPUR 

RAILWAY 

BY 

C. I. STABLER, Member. 

As this j>aper deals primarily \\ iHt (lie salvage and reconst rue 
tion nl‘ this bridge, it is perhaps unnecessary In g<» into details 
concerning its actual wash away. 

Suffice it to say ilial, on 1 Ik* l!)(li of September l!)2(i, the river 
rose to the unprecedented reduced level of 1,282 al (lie Bridge site, 
as against the prexious liigliest known reduced le\el of 1,-02 l‘e(d 
a I ove sea level. 

The bridge consists of live 200 foot spans, and one 150 fool 
span, all of (lie Whipple Murphy type, being 17 feet over all in 
depth. The water rose about 1'—0" over (he lops of the top booms, 
and when it subsided, it was found that all (In* spans had disap¬ 
peared except one 200 fool span on the (Jondia, side of the river. 

By the 1 Sth of October the waler had fallen considerably and 
ai ! the wrecked spans were visible. 

Illustration No. 1 shows their respective positions as (hey lay 
in the river bed, and the fact that one span weighing over 250 tons, 
had boon carried nearly half a mile down stream, testifies to the 
great force of the current. 

Illustrations Nos. 2, 3, 1 & 5, showing views of some of the 
wrecked spans, were unfortunately taken with a very small camera 
fitted with a wide angle lens, which has had the effort of making 
the spans appear (in some cases! much longer than they actually 
are, but (in all cases) much straighter and less damaged than they 
wore at. that date. 

These photographs were also taken after I lie spans had been 
cleared of brushwood, tree trunks and other debris. 

The damage sustained by the spans was in many instances 
interesting and curious. 

The most remarkable feature was the paucity of sheared 
riveted connections. Tn almost every case, the steelwork of the 
various members had been bent and torn, while the rivets in the 
connections were intact. All rivets were of steel 7/8 inches dia¬ 
meter, except in the decking, where they were 3/4 inches diameter. 
Field rivets had been put in by pneumatic hammers. 
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All I lie sjuins except No. 6 ( 150 feel ) had been rolled along 
the bod of (lie river before coming; |o rest. Thus (lie lijjlif over¬ 
head bracing and arching had suffered (he greatest damage, while 
(he heavy flooring. consisting of 5/S inch deck plates laid over 
II*" x II" rail girders and 17 inch deep cross girders, had withstood 
(he excessive strain extraordinarily well in all cases. 

So marked was this in the case of No. 4 Span, which had been 
rolled farthest down stream, that, whereas the flooring was prac¬ 
tically undamaged, the wind and portal bracing had collapsed to 
such an extent that the two top booms were actually touching each 
other at one point. 

Hence the top booms of all the spans suffered more than the 
bottom booms. Indeed, se\eral pieces of the latter had suffered so 
little that they might have been put back info position without 
any work being done on them, except, that in the process of rolling 
along the boulders forming the, river bed, the edges of the flange 
plates had been very badly frayed and cut. 

After a careful examination of all the spans, the Chief Engi 
noer decided to salve, cut up and recondition spans 2, 5 and (J. 
As much as possible of spans 5 and 4 was to bo salved, but as 
these spans were considered to be damaged beyond repaid, it was 
decided to replace them with two new spans from England. 

Tf was also decided to raise the height of the piers twenty 
feet, in order to ensure that the girders would be well clear of 
the water, should a repetition of such a remarkably high flood 
take place. 

Arrangements were at once made to construct a> pontoon 
bridge to enable passengers to be transhipped until such time as 
through running could be resumed by means of a, diversion and 
pile bridge. 

The pontoon bridge was nine hundred feet long, and it was 
opened to Traffic on the 14th of November, or only 27 days after 
the derision to build it had been arrived at. 

The pontoons consisted of six 45 gallon oil drums fixed in 
limber frames, as shown in Illustration No. 6. 

There were 60 pontoons spaced 15 feet apart, centre to centre. 

The decking consisted of bamboo “challis”, covered with 
gunny bags loosely tilled with sand. 

The sand filling was found to be unsatisfactory, as it had a 
tendency to become pressed out towards the sides of the decking, 
and also wore away the bags very quickly. Straw filling was 
afterwards tried with much better results. 



STABLER on REGONSTREET ION of NERBUDDA BRIDGE. 121 


While the time taken to complete this pontoon bridge is pos¬ 
sibly not a record when compared with some of the achievements 
of the Great War, the speed at which it was designed, built, tran¬ 
sported (including transhipment) and erected must rank high 
amongst the Engineering efforts of India. 

The diversion was N,()00 l'eet long, with a ruling grade of 
1 in 35. 

The pile bridge consisted of thirteen 10 foot spans during the 
season 1920-27, but was extended by two 20 foot and two 30 foot 
spans for the following season. The girders wen* carried on 
timber pile piers, as shown in Illustration No. 7. 

The pile driving was done first with a 15 ewt. drop tup 
operated by a steam winch, but afterwards with a steam pile 
hammer fed by a Cochran boiler. 

The pile driving pontoon, consisting of 130 oil drums yoked 
into a timber frame, was built at site. It. was a successful pon¬ 
toon in so much as it only drew 2'— 4" of water under full load, 
but it rolled so badly under the action of the ilrnp hip. that heavy 
bullie legs, fitted with palms, bad to be lashed vertically to the 
fore end, as shown in Illustration No. 8. Thus the pontoon actu¬ 
ally stood on the bottom while a pile was being driven. 

Five of the pile piers on the Goudia side of the river stood 
in water too shallow to float the pontoon, and these piles were 
driven from a pile frame mounted on a form of gantry track, sup¬ 
ported on sleeper cribs, as shown in Illustration No. !). By 
means of this arrangement the piles could be very accurately sited, 
and the frame moved rapidly from place to place*. As many as 
twenty piles were driven in one day. 

The Gomlia bank of the river consists of sand, while the bed 
on the right bank, where the current is strongest., is of boulders. 
Oi the former side, piles were driven to 15 feet penetration with 
ease, while an average of 9'—6 7/ was all that could be obtained on 
the latter side. It is a remarkable fact that the piles having 15 
feet, penetration were washed out on two successive occasions, 
although no scour took place in their vicinity. The piles having 
9'— (i" (and less) penetration are still standing, thus leading one 
to the conclusion that the ability of a pile to withstand displace¬ 
ment depends more on the nature of the bed than on the amount 
jof [penetration. 

In order to facilitate the election of the 40 and 20 foot gir¬ 
ders, a special rocker crane mounted on a bogie truck was de¬ 
signed and built for the purpose from scrap material at site. 
This is shown in Illustration No. 10. 

Each span was erected and sleepered and the rails laid, on 
the bank, and by means of tbe crane, the complete spans were 
lifted, carried out, and placed in position intact. Thus the 



iifteen girders were erected, sleepers laid, and the line linked in 
four days. They were afterwards similarly dismantled in two 
days. 

Meanwhile the salvage of the wrecked spans was progressing. 
Ir this work many unexpected difficulties were met with. 

No. 2 span, for instance, was very thickly matted with a 
great quantity of brushwood and tree trunks, and the removal of 
this debris by means of axes and hand saws was a very slow and 
tedious process. 

It is considered possible that, but for this floating debris, the 
whole bridge might have withstood the flood, as actually happened 
in the case of No. 1 span, which was lopped by the flood to the 
same extent as the others, but oil which, owing to its position, no 
debris accumulated. 

While cutting up the broken spans, several men received 
minor injuries by their neglecting to bolt up a mem her before cut¬ 
ting the last rivet, thus allowing the strained members to spring 
violently apart when suddenly released. 

Nos. 2, 3 and 1 spans were deeply buried in sand, and when 

an effort was made to remove this, water was met with at, a depth 

of 2'—0", and it was found impossible to keep the excavations 

drv. 

%! 

These spans were therefore jacked out of the sand by timber 
and rail clusters placed through the bracings, the sand being re 
moved as the spans rose. Four one hundred ton jacks were neces¬ 
sary on each span. 

The difficulty with this arrangement was to prevent the men 
creating further damage by excessive straining on the jacks. 

A curious instance of this was encountered in tin* case of No. 0 
span. 

In this case, the span had simply been pushed off the piers, 
and had landed right side up, with one end resting on the bank, 
and the other in about 10 feet of water. The span lay at an angle 
of about .30 degrees, and was remarkably little damaged, as may 
be seen from Illustration No. 5. 

The land end was first dismantled, leaving a portion weighing 
50 to 60 tons in the water. Boulder piers were built along each 
side of this, and an attempt made to jack it from the piers by 
means of a beam consisting of two 10" x 10" timbers. 

Two fifty ton jacks, however, failed to raise the span, and 
finally two 150 ton and four 100 ton jacks were tried. These broke 
the timbers, but failed to raise the span. 

: The water at this point was flowing at a speed of 8 miles per 
hour, and it was at considerable risk that a diver finally went 
down to investigate. 
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]t was then found that a very large tree Lad, in some extra¬ 
ordinary manner, passed through the bracings of the girders, pre¬ 
cisely in the manner of the jacking beams. The ends of the tree 
had been unknowingly covered by the boulder piers on which were 
the jacks, as shown in Illustration .No. 11. lienee we were, in 
effect, trying to lift ourselves like the man who placed a foot in 
each of two buckets, and tried to lift himself. The upstream 
boulder pier had therefore to be extended in order to protect the 
divers, two of whom then went down ami cut the troe$pdth hand 
saws. 

The most dilticult span to salve was No. r>. 

This span had fallen on its side athwait the current, which 
here also llowed at S miles per hour. The* span, which is shown 
in illustration No. 4, lay at a small angle, one half of the under¬ 
side girder being submerged. 

It was obvious that the first thing to do was to reduce the 
current flowing against the span, and for this purpose, a groin of 
boulders was built out from the bank up stream of the span. The 
position of the groin is indicated in Illustration No. 1. 

It was soon found, however, (hat boulders dumped off the end 
of the groin were being carried away, and were probably being 
banked against the span. The only effect of the groin had been to 
concentrate the current as in a nozzle. 

The remedy appeared to completely divert the stream by con¬ 
verting the groin into a dam. 

No more boulders were available from that side on which the 
groin had been built, so the dam was commenced from the other 
side, boulders being taken from the channel into which it was in¬ 
tended to divert the stream. 

As the new groin approached the old, it was found that the 
boulders were being carried away. Gunny bags were therefore fill¬ 
ed with boulders, and dumped, and when these also began to carry 
away, the tilled bags were tied together with wire. Eventually, 
w hen the gap had been reduced to about 1.1 feet, it was found that 
as many as seven bags tied together wore carried away before they 
reached the bottom. 

lty this time the water stood 2' —9" higher on the upstream 
than on the down stream side of the dam, and the water roared 
through the gap with a velocity which left little hope of it ever 
being closed. 

The following arrangements, however, were made :— 

First, three 30 foot rails were laid across the gap, in the 
manner of a bridge. Two wires, whose lengths were approximate-: - 
ly equal to the length of the cross-sectional outline of the dam, 
were then made fast ai each end of the rails. The centre rail was 
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tied at the centre of the wire, and the outer rails to the ends of 
the wire. 

The length of the down stream slope of the dam beinj/known, 
a number of wires of this length were then tied to the down stream 
and the centre rail, at a distance of one foot apart for the full 
length of the rails. 

This done, the upstream rail was pushed overboard, and al¬ 
lowed to roll down the slopes of the dam, when the down stream 
rail waa^also pushed into the water. The wires connecting the 
down stream and centre rails immediately tightened up, thus form¬ 
ing a grid of taut wires all across the gap, as shown in Illustra¬ 
tion No. 12. 

Bags of boulders were then rapidly thrown into the gap. 
These were held up by the wires on the down stream side, and 
eventually the gap was thus closed. 

The span now lay in dead water, and its salvage was taken in 
hand. 

This was accomplished by placing a pair of the old bearings 
from the piers under the span at the centre, and pulling down the 
high end by means of winches until the submerged end rose clear 
of the water. The whole weight of the span was thus carried on 
the bearings, which acted as a- fulcrum, at which points the boom 
pieces were badly crumpled. This sacrifice was considered worth 
while, however, in view of the expensive piling and timbering, and 
loss of time which would have otherwise been necessary to lift the 
span out of the water. 

Each part of each span was marked as it was cut out. and each 
span was marked with a distinctive colour. 

This marking was very troublesome, since the spans had ap¬ 
parently been built before the designing of details became a fine 
art. Tn each span there were over 200 small packing pieces of all 
shapes and thicknesses, none of which were interchangeable, and 
all of which had to be marked. 

Incidentally, this bad detailing was the cause of considerable 
t rouble in the re-erection of the spans. For instance, each panel 
point contained rivets which passed through the cross girder cleats, 
two diagonals, one packing, the boom plates and the post flanges. 
There were also countersunk rivets which passed through the post 
and boom plates only which had to be put in before the diagonals 
and packings, etc., could be erected. The objection to putting in 
rivets before a span is completely erected is welt known. 

An attempt was made to use pneumatic rivet busters in the 
dismantling of the spans, but although these machines did ex¬ 
cellent service in cutting up individual pieces after they had been 
lowered to the ground, they were found to be much too heavy and 
unwieldy for use oil the flimsy and unsteady scaffolding. 
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While the salvage work was in progress, the masonry work 
necessary to raise the piers 20 feet was being carried out. 

The old copings and the remains of the old bed stones were 
dismantled. The latter were sandstone blocks from a quarry in 
.Tiiblnilpore, and it is perhaps worth mentioning that most of them 
were found to have weathered and deteriorated to a somewhat 
alarming extent. 

The masonry in the extensions of the piers consisted of black 
granite, quarried locally, laid in cement mortar of the proportions 
of one cement to tive sand. 

The cement, used was of Indian manufacture, and proved most 
satisfactory throughout. Indian cement was also used in the 
reinforced copings and bed blocks, and so satisfactory w r ere the 
results obtained in all cases, that the prejudice in which Indian 
cement is sometimes held, is difficult to understand, 

As an instance of the good quality of the cement used, a tem¬ 
porary foundation for a staging was built in the river bed. Tt was 
built of random rubble stone in cement mortar, one to tive. 

Six months afterwards, it. was necessary to dismantle this 
foundation, and it was then found that, so hard had the cement 
become, that the stones were broken much more frequently than 
the joints in tin* process of demolition. 

The workmen and materials were carried out to the piers from 
the bank by means of an aerial ropeway. 

Except for the steam winch by which it was operated the en¬ 
tire ropeway was manufactured from scrap material at the site. 
Tt. extended from bank to bank, and was supported on each pier. 
Details of its construction are shown in Illustration No. 13. 

Tt required considerable persuasion and much jocular conver¬ 
sation to induce the first man to go out in the cradle, but so power¬ 
ful is the moral effect of familiarity, that eventually sentries had 
to lie posted at each end of the bridge in order to prevent, more 
than four men climbing into the cradle at one time. 

Water for the masonry was carried by means of an inch and a 
half pipe slung on hooks suspended on a 24 inch wire stretched 
across the tops of the ropeway trestles. The air valves which 
were necessary in the pipe line at every trestle were manufactured 
from standard pipe fittings and small India rubber balls purchased 
locally. These are shown in Illustration No. 14. 

No. 1 span (the only one not washed off the piers) was jacked 
up 3'— G" at a time as the masonry on the abutment, and pier No. 1 
proceeded. Four 100-ton Hydraulic Jacks were URed for this 
work. 

The original design of the falsework on which the reconditioned 
spans were built consisted (in the 150 foot span) of one sixty foot 
and one eighty foot broad gauge plate girder span, supported at 
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the centre by a staging, and (in the 200 foot spans) one 2d ft. span 
in the centre supported on two stagings, with an 80 foot span on 
either side. * 

The plate girders were braced with timber, and carried 
12 x 12 and 8 x VI timbers, 22 feet long laid athwart on top for 
the decking, camber jacks and gantries. Steel stagings 
strengthened with timber wore erected in spans 5 
and (5, and two steel stagings were manufactured out of old cross 
girders, rail bearers and boom angles for supporting the plate 
girders in span No. 1. These stagings were 70 feet high to the 
underside of the plate spans, and carried a maximum of 190 tons 
each. Illustration No. Id shows the complete stagings in No. 1 
span, and the partially dismantled stagings in No. d span. 

On <Ik* completion of Nos. 1, d and 0 spans, the dismantling ul 
the falsework was effected by suspending the plate girders to the 
bottom booms of the main girders. The stagings were then dis 
mantled, and the plate girders afterwards lowered by means of 
tackle lashed to the main girders. 

The staging foundations in No. 1 span consisted of a steel grill 
carried on bullie piles, and in Nos. d and G spans, tin* foundations 
were of concrete. 

The typo of timber and plate girder falsework described abo\o 
was, how r ever, found to be much too heavy, and took too much time 
to erect. 

For the remaining tw r o spans, therefore, new falsework was 
designed. 

This eonsisted of light angle steel posts in 1(5 foot lengths, ex 
tending all across the span. In each span there were 108 posts, 
each built up of four 2 > 2 x ] angles bolted together, ami braced 
with 2 x 2 x ] angles. 

This staging consisted of three types of members only and was 
very easily and quickly erected. It is seen in Illustration No. 10. 

The camber jacks used were obtained from the Eastern Tie n gal 
Kailway, from the surplus stock of the famous Lower flanges (or 
Ilardinge) H rid go at Sara. They were used in pairs, one pair on 
each side of each joint. In order to prevent them creeping when 
they were operated, they were coupled together in pairs by means 
of a plate, and to prevent the plate fouling the rivets, a ring was 
lilted on the top of each jack, as shown in Illustration No. If. 

The actual erection of the main girders differed little from the 
erection of any other similar girders. 

The new' spans from England went together with the greatest 
ease, hut in the ease of the reconditioned spans the work was very 
seriously hampered by missing parts* which had to he manufactured 
at site. 
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Still greater delays were occasioned, however, by the fact that 
many members, particularly tension members, had lengthened con¬ 
siderably in tlie process oi being straightened. 

This delect was corrected by cutting out a strip equal in width 
to the excess length of the member, and rejointing with suitable 
butt plates. 

All riveting, reamering and drilling was done by pnenmaiie 
machinery, fed by two oil driven air compressors, one at each end 
of a 2A inch pipe which extended the full length of the bridge. 

With specially trained supervision, and moderately new 
machines, the oil driven air compressor might doubtless give satis 
faction. But. on work of this nature tin* ideal conditions neces¬ 
sary are seldom, if ever, obtained, and steam plant, which will 
plod along under almost any conditions end the worst usage, is 
undoubtedly preferable. 

It is a tribute to tin* linn who manufactured the old spans that 
the corresponding parts of all girders were interchangeable. This 
was particularly fortunate in Mu* case of Nos. 2 and 2 spans. 

Due to a strike in tin* Engineering Works in Calcutta, where 
the old spans were being reconditioned, material ceased to arrive. 

Rai ls of Nos. 2 and 2 spans which were on hand were therefore 
amalgamated, and worked in to form a complete span for No. 2. 

The remaining material was augmented with parts taken from 
the two abandoned spans and No. span was thus completed. The 
parts taken from the abandoned spans were repaired and straight¬ 
ened at site. 

The ri\eting up of tin* Iasi span was completed at (! o'clock 
on the morning of the. 7th of July , the men working right through 
from (5 o’clock the previous morning without a break—:t perform¬ 
ance which surely places Indian labour in a class which compares 
well with that of any other country. Their efforts undoubtedly 
saved the B. N. Railway Company, a considerable sum of money, 
for the river began to rise very shortly afterwards, and the last 
lew pieces of staging were removed with tin* men working knee- 
deep in a rising flood. 

Tin* floods having starled, tin* bridge could not be tested by 
the ordinary means. 

Wooden hangers supported on tight wires running tin* full 
length of the bridge and supported on each pier clear of the girders 
were therefore devised. These worked very satisfactorily. They 
are shown in Illustration No. 17. 

The maximum deflection registered under the speed test, con 
sisting of two engines coupled head to head running at JO miles 
per hour, was ‘85 inches, with 25 inches oscillation. 

Illustration No. 18 shows the completed bridge, the work 
having been carried out in 19 mollis from the date of starting the 
dismantling of the wrecked span**. ; 
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DISCUSSION ON 
NERBUDDA BRIDGE. 


Dr. A. Jakdink s;iid Ik* would ask Mr. Stabler to illustrate 1 by 
i lira ns of sketches on tin* Black Hoard a little more fully Hr* 
ni(‘thod of application and details of testing flic girders by means 
of the wire rope apparatus shown on illuslration No, 17. Little 
mention was made in the context regarding llie l(*st and several 
points were not (dear from this illustration. 

With regard to the two top paragraphs on page 127 lie would 
like Mr. Stabler to give some further information regarding the 
amount of lengthening which had taken place in the tension mem 
hers referred to together with the actual lengths of the members 
concerned. 

Further with regard to the correction of this extension he 
wanted Mr. Stabler to illustrate a little more fully the method of 
(lifting out a strip and rejoinfing the member with Butt plates. 

Mr. II. H. Ib'ANoi.os remarked that he had listened with great 
interest to the paper by Mr. <\ 1. Stabler and lie was to be con¬ 
gratulated on (he successful methods employed for salving the 
damaged spans, lit* would like to ask the author, however, if he 
could give sour* idea ol the actual saving in cost effected by the 
salving of the damaged spans, ft, seemed to him that, in view of 
the dilficulties that were met w ith in salving and re conditioning 
spans Nos. 2, .“> and (i, the cost entailed would he, if not more, 
about the same as the delivery of new spans to site. He assumed 
that the cost of erection of the salved spans, after they were 
reconditioned, was not greater than the cost of erecting (he two 
new spans sent out from England. He asked for information on 
this point as he had often found it cheaper to abandon damaged 
material rather than to salve, recondition and utilise it and, in 
the case of the bridge in question, it. would be interesting to learn 
if there had been any saving in cest-aml, if so, how much. 

Mk. E. E. Dissisursu.ws said that the paper was full of very 
interesting details of the reconstruction of the Bridge, but, if 
only some details had been given of the spill lengths on either side 
of the Bridge during the high flood and how the approaches were 
affected, the paper would have hem invaluable to all engineers. 
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Tin* first (ion in bridge i-f-i’diisti-in*<ion was Hie 

ascertaining ol‘ tlit* came of I lie abnormal rise of Hie river and bow 
much the waterway allowed eoiilriluit(‘d towards this. 

As the river rose to 12N2 on th(‘ lllth September, 1M2(>, against 
(la 1 previous highest records of 12(12, a difference on height of 
20’ 0". Tin 1 water passed mer the top Rooms by 1' (>", and 
carried away girders weighing over 250 tons half a mile down 
stream. It was clear that tin 1 embankment approaches must have 
been over topped also by nearly 20 as the main girders were 
17' 0" in depth. Xo earthen embankment could stand this and if 
thr maximum gradient - if auv allowed at tin* Rridge site— was 
1 in 200, the spill water must have passed over the approach 
embankments for the length of at least 200x20 1,000 feet or about 
I 5 of a mile on each side and the whole of this embankment would 
have been washed a,way on both sides, lines and carth together 
with the sleepers attached. If the country on both sides, however, 
was quite level and needed no embankments and the Rridge was 
raised 20', at most 20' hi«»h embankments would be required on 
both sides. Even if tin* embankment of tin* river was rocky and 
high above R. L. 12S2 the old bridge must have connected two 
,gorges in the rocky sides and the Hood waters must have run up 
all along, on both sides, and Hooded these gorges. 

Now in the Ilure possible conjectures- no details were given 
the raising of tlie 15ridye 20 would entail either 20’ hi”li embank 
ments in the first two cases and the tilling in of the gorges 20 at 
most. 

The waterway in all these* cases would after reconstruction, 
be much less than actually required, owing to the r('stricfed llmv of 
the spills on either side in tin* tirst two cases and in tin* last case 
tin* How round the (‘lids of the bridge, and the free How over the 
piers after the girder were carried away. 

The last case, moreover, would require a- rocky ridge at right 
angles to the river at the Rridge siti* for nearly a mile in length on 
both sides, or that the river (lowed itself in a gorge with side banks 
over 1282. R.L. Idven in this extreme case--it niij»ht be possible 
as the Nerbudda Mowed between two long ranges of mountains— 
the additional waterway gained would not, be enough as the body 
of tin* piers would when raised obstruct the free tlovv, which 
actually occurred when the girders were washed away. 

Till''duration of this highest Hood level would also be very 
important when dealing; with such an abnormal Hood. 

It would appear that, the approach**! would require culverts 
to pass the spill on both sides in the first two cases and the last 
ease supposed either high table laud on both banks of the river, 
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which if existing should have been the roadway level of the bridge 
in the tirsf instance; and if not existing would imply a high ridge 
at right angles to the river ami would require vents as well as in 
the first, two eases to pass the spill waters. 

It would la* seen trom his notes that the wash way or tin* water 
way was the lirst-of-all consideration in re construction and it was 
a great pity that nothing was said about this. 

No doubt the completion of the iron wav in 11 months from its 
demolition by the Hood was a very good record indeed. 

It would also have been interesting to know for a single two 
feet six inch gauge Fridge with girders 17 0" high, whether the 

sparing apart of the main girders had been arrived at and with 
what overturning force. 

The following formula showing approximately the velocity of 
the river showed the importance of llu* main girder spacing 

W^ V • V = 2S0 x 2240 x i \ 

2g 2 2 , T * 

when A-Area of bridge face material s<p leet ""j 

\V wl of a eft. of water in lbs. 

V Velocity of river in ft. per sec. 

(1 Acceleration due to grav ily •ll’.- 
X Space apart of .Main Girder. * 

From which v 3 250 / 22 10 ■* \ x 

2 WAxl; 

If A It) 1 *;, ot 200 x 17 :lto s ft. 

\ 12 \ max 22 ft. per second. 

If A 25°, of 200/ 17 then v about 11 ft. per second. 

It, would he seen that the velocity required to overturn the 
girders of 250 tons depeude<l on the spacing apart oi flic girders. 

On page 11?I the author said that In* had come to tin* conclusion 
that, “the ability of a, pile to withstand displacement depended 
more on the nature of the bed than on tin* amount of penetration. 

The wool displacement, here was evidently meant removal 
through material being washed away all round. 

The word displacement which depended on penetration was 
really the bearing power of a pile; hence the confusion. 

J > i'o/ioiiion <>) fV/aewf and Wand. 

A one cement and 5 sand after (i months to be as hard as 
stone actually, was indeed wonderful as in buildings and in rein¬ 
forced .work 1: 3 is the largest amount allowable; and again the 
work was probably done where a slight current existed see page 125. 


Mr. E. E. 
Desbruslaia. 
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Also iu a lime mortar 1 lime 2 sand the lime was 1/3 the 
quantity of mortar and if cemenl 1: 5 was used the ceincyt would 
be 1/6 the quantity of mortar. 

Tf the Cement were to cost twice the cost of lime, then, it would 
come to the same thing if cement mortar or lime mortar were 
used. 

Ala. D. II. Rmn uv said that the author was to be congra¬ 
tulated upon producing a very interesting paper. It was the sort 
of paper the Institution needed—namely one in which some in¬ 
teresting piece of work had been carried out presenting many 
problems and diHicultics and wherein the paper detailed just what 
these were and how they were solved, what expedients had to be 
used and not only what was found to be the successful solution but 
also what was tinsmvoNsful. Engineers learned more really from 
failures or whole there had been failures than from successes. 

The Engineering Department of the Railway were also to be 
congratulated on the way they tackled a very ditticult problem. 
There were no problems in engineering more ditticult than those 
which involved decisions regarding the abvisability or non-advis¬ 
ability of using a damaged structure. It needed a high degree of 
skill to diagnose the extent of the damage and the possibility of 
salvage. The Railway was to be congratulated on the way its 
otticers hail tackled the job. It had not only needed a< high degree 
of skill, but also tin* exercise of a great deal of judgment and of 
courage in deciding exactly what to do. 

tint's) ions regarding damaged and distorted steel-work were 
always very ditticult to decide. He remembered on one occasion 
having to repair a 50 ft. plate girder which had been dropp'd 
whilst it was being lifted. It was very badly bent and also twist¬ 
ed. Without cutting it to pieces it was ditticult to get it 
straight again, and even if taken apart it would have been impos 
slide to straighten tin* deformed web plate. It was a problem to 
know what to do with it. Finally he straightened it. as far as pos¬ 
sible and patched the damaged flange and put it back into the line. 
Some one might years hereafter be horrified to find a, girder with 
a reverse camber in it. 

It. was really extraordinary what steel work would stand. 

• </ 

This was not the first time a girder had had an accident at that 
bridge. When the bridge was being built in 1905 one of the 
girders dropped off the top of a pier. It, however, became a total 
loss as the girder was twisted and bent in such an extraordinary 
manner that) nothing could be done with it. The steel was very 
good, as unfilled rivet holes iu some plates had stretched 
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to three times their diameter on the one side and closed up com- Mr. d. h. 
pletely on the other side without a plate tearing. Presumably 8emfr3r - 
the steel in these girders was of equally good quality. 

One feature which was interesting to note was that a girder 
washed off a high pier in a heavy Hood did not receive the damage 
one might expect from the fall. Another feature was the extra 
ordinary power of a river in full flood which could move a span 
weighing 1150 tons half a mile down stream. As a corroboration 
of those last two points he remembered a raw* in which three 00' 
spans were washed off high piers and one span recovered seven 
miles down stream and was salved. 

The Author was to la* congratulated ou his so-called pontoon 
bridge and the ingenious way he used oil drums. 

The experience with sand tilling in gunny hags was interesting. 

For some reason gunny bags would not stand handling after having 
been filled with earth or sand for a short time. They would stand 
all right for many months if unmoved and would act as\ pitch 
ing to guide bunds, ami when used as such pitching would (‘liable 
a wand embankment to w'eather quite considerable floods and 
freshets down the river, hut after having been tilled for three weeks 
the gunny hags seemed to go to pieces if handled. From the 
Author’s experience they would not stand being walked on if tilled 
with sand, whilst straw tilling enabled them to last much longer. 

A most, important precaution to take in all engineering work 
was to have ample plant or ample power. Often excess plant or 
excess power above that strictly calculated to get through the job 
within a specified time meant economy. It was a very common 
mistake and very false economy to skimp the plant. In the parri 
cular joli under consideration very wise decisions were made. This 
was particularly e\ blent in tin* matter of tin* rocker cram* mount¬ 
ed on a bogie truck for erecting and dismantling the 40' spans on 
the diversion. Some people might say was it economical to built 
this to erect 000 running feet of ginlerw'ork in four days and to 
dismantle it in two days. There was more to it than that. The 
very fact that one portion of (la* work was done with conspicuous 
success and despatch tended to tone up the w hole job and to create 
am oral atmosphere which was a very valuable asset. 

In all jobs having anything to do with bridge-work very great 
care had to he taken in watching the labour to guard it against, 
unnecessary risk. In this particular job the risks were present 
and it seemed that it was fortunate that only minor injuries were 
received in cutting up the spans. 

There was always a very dangerous risk in reamering operations 
in the open. When he was on the strengthening oif the Damodar 
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Bridge and started work rutting out the main gusset plates of the 
spa,ns and replacing them with larger gussets whilst still passing 
traffic it was necessary to ream out the holes using pneumatic 
reamers. Within a few days he lmd seven men down with steel 
splinters in their eyes. All men on reamers had to ho provided 
with goggles and a large magnet was kept on the bridge to extra:! 
steel splinteis out of am one's eve. lteaiuering holes in windy 
weather was particularly dangerous. Cutting out rivets was also 
very dangerous if care was not taken to prevent tin rivet heads Hy¬ 
ing. Many men have been killed by Hying rivet heads. 

In Engineering work a great deal of ingenuity was called 
for to devise expedients tt) overcome dillieulties. That bridge was 
no exception, and the dillieulties encountered in the filial closing of 
the stream in one branch of the river was a cast' in point. The 
maimer in which this problem was finally solved was one to re¬ 
member. Out* maimer in which tie had closed a similar gap had 
been to make a frame on each side of the gap and build up a pile 
of sand bags tt) a height and of a size which when simultaneously 
lipped over would meet and arch at the centre, flic frames being 
connected together with tackle to tip at Hit 1 same time, lit 1 was 
surprised that the method used for testing the deflection of the 
bridge proved so successful. lit 1 would have expected the vibr.i 
tion on (lit* high piers to ha\e shown itself in a marked degree m 
(lie tests. Personally lit* had noticed in tests on a bridge consist¬ 
ing of many spans on high piers that the land spans when tested 
by a train crossing the bridge from the near hank gave much 
better results than spans in the centre or towards the further end 
of (in* bridge. This he put down to vibration in the piers and in 
vibrations of one span placing (In* span ahead in a state in which 
it was particularly likely to pick up the vibration in some way. 
Apparently no such result was observed in this case. This was 
a narrow gauge bridge and the test, was carried out at a 
speed of 20 mph., which was far higher than the critical speed for 
these spans, and probably vibrations would have been much more 
marked at IS or 20 mph. 

The Author was to lie congratulated on a very good piece of 
work. 


DEFUU'TIOX A Xl> (M'ILLATION TEST. 

Tun Ammon in reply said, the usual method adopted for test- 
ing the deflection and oscillation of a girder was to attach a 
pencil to the girder at the point at which the movements were re¬ 
quired to he known, and to attach the test card to a pole or derrick 
erected in a suitable position in the river bed beneath the girder. 
The card was arranged in such a manner that it was in contact 
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wifh the pencil poitil so tliat any movement ul' the girder was re- The Author, 
corded on the card. 

That simple, hill nevertheless quite accurate method could not 
he employed it tin* river happened to he in Hood which was the 
difficulty he was up against at Xcrbudda. 

There were of course, other and more up-to-date methods of 
bridge testing, notably by means of (he M icFaddcn's Dellectoseil- 
lograph. 

That instrument. however, was not applicable to the Xerlmddu 
Bridge for the following reasons: — 

The Senior (}o\ernmenl Inspector had expressed his desire to 
have all the spans e.xrepi one, tested for deflection and 
oscillation at the top and bottom ipiarlcr and mid points in 
each girder of each span. 

The necessity for such an unusually thorough and searching 
tost was obvious* when it was remembered that the reconstructed 
bridge consisted of- 

(«) One span which, though if had not boon washed off 
the piers, had nevertheless been covered by the flood 
and might conceivably have suffered wrecking strains, 
tin* results of which were nut apparent to the eye. 

(h) Three spans, the material of which had been bent and 
distorted by stresses of an unknown extent, and 
which had subsequently been straightened out and 
rebuilt. The vicissitudes through which the material 
had passed rendered it unwise to assume the safety of 
any of these spans by inference from the results of 
tests made on only* one of them. 

(c) Two new spans, one at least, of which, would have to 
be tested m any case. 

Thus <> of the 7 spans were to be tested in 12 places each, or 
in 72 places throughout tin* bridge. Since only (i Deflect oscillo¬ 
graphs were available for the work, it followed that it they were 
to be used, the testing was going to occupy several days. This 
time could not be spared either by tin* Senior (lovernmeut Inspec¬ 
tor, or by the Railway; and. so it became necessary to evolve some 
means by which the whole bridge could be tested simultaneously. 

The arrangements, shewn in illustration Tso 17, were the result. 

The devices, of which there wore 1 types, were all the same in 
principle and the following detailed description of the type for 
testing the bottom boom deflection would suffice to indicate the 
design of the other three types, viz., top boom oscillation, bottom 
boom oscillation and top boom deflection. 
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The Author. 


Referring to the appended sketch :— 

A was the bottom boom of the girder; 

15 was a board damped to the boom; 

(’ was a bridge testing card {&<cc illustration No. 17 in Text); 

D was a small toothed wheel which rolled on the card and 
marked the movement of the girder. 

E was a short length of one quarter inch iron rod. At one 
end of the rod was the wheel D. The other end of the 
rod was attached to the wooden arm F. The connec¬ 
tion of the rod to the wooden arm F was such that the 
rod could la* pivot ted vertically. This was simply 
to facilitate the placing of the wheel on the correct 
place on the card. 

The arm F was connected to a vortical leg (1. The arm F 
could be pivotted vertically and it could also be moved backwards 
and forwards by means of the slot H. 

J was a hook formed by two 1/8" inch plates with a piece of 
wood between them. The hook J was screwed to the vertical 
leg G. 

K was a ‘2V wire stretched as tight as possible and anchored 
on the banks on each side of the river. The wire was supported on 
trestles on the piers and was not allowed to touch the girder at 
any point. 

L was an arm with a small counter weight M at one end. L 
was pivotted at the point N, and by moving L through a vertical 
arc, the pressure of the wheel I) on the card might he regulated. 

As would be seen, the accuracy of the arrangement depended on 
the steadiness of the wire rope. This of course, was its great 
weakness, for very little disturbance was necessary to make a wire 
rope vibrate, no matter how tight it was pulled. Also, as Mr. 
Remfry had pointed out, vibration carried through the, piers on 
which the wire was supported might he a source of interference. 

Nevertheless, one span was tested by the devices described 
above and by Defleetosciilograph simultaneously, and the results 
registered by the home made devices varied from the results 
obtained by Defleetosciilograph by a maximum of .08 incites, which 
led to the remark in the text of the paper that they bad worked 
satisfactorily. 


DAMAGED MEMBERS. 

Dr. Jardine had asked for details of the actual lengths of 
monitors. 
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The Author. The theoretical length of the diagonal tension members was 
22'—Gj" between points of intersection. * 

When 'he straightened members were checked on their return 
from Calcutta, it was found that nearly all of them had lengthened. 
The amount of “stretch" varied and was as much a9 11/1G // in 
some cases. 

As the girders wore of the double inter-section type, each 
tension member had a. rivetted connection to tin* intermediate posts 
in the middle of each length. This could la* seen in illustration 
No.5 in the text. 

It was obvious that any shortening which was necessary had to 
be done on both sides of the intermediate post, otherwise the holes 
in the middle of the diagonal for the intermediate post connection 
would not have registered. 

The method of shortening was as follows : — 

(1) A pair of diagonals was bolted up in position. A pair, 
in this ease, meant the two identical diagonals on 
either side of any three posts. Doing too long, they 
were, of course, “sprung’* or “bowed” between the 
points of connection. 

<2) The diagonals were cut with a hack saw on either side 
of the intermediate post. Each diagonal was then in 
three separate pieces, each of approximately the same 
length. 

dtp Timber packers previously prepared wore then inserted 
between the diagonals. Those packers were (i to 8 ft. 
long and were 12 inches wide. Their thickness cor¬ 
responded exactly to the correct width between the 
inside surfaces of tin* diagonals. 

(4) Doth diagonals were then clumped to the packer by 

special clamps. 

(5) Tiie diagonals then overlapped at the point, where they 

had been cut with a hack saw. The amount of the 
overlap was the amount of the excess length. 

(0) The amount of overlap was then marked and a strip was 
cut out of the diagonal equal in width to the amount 
of the overlap. 

(7) The ends of the diagonal on each side of the points 
where the strip had been cut out were then drilled 
and rejointed with butt plates. 

This was the system dually adopted and was only arrived at 
after several other methods had been tried and found unsatisfac¬ 
tory. 
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111 i*ej)lv to Mr. Reynolds In* would say that reconditioning was The Author, 
not only cheaper hut would have been considerably (pucker had it 
not been for the unavoidable delay caused by the strike in the 
works of the Engineering Finns in (’alcutta who had the contract 
l'or reconditioning these spans. 


CAPAt'lTY OF THE WATERWAY THROVUH HR]DOE. 

The data on which the water wav was provided was given 
below’: — 


Catchment area a bote bridge 
Slope of bed . , 

Mean cross-section area 

Discharge* of the river by 
Mississippi Formula 

Mean velocity calculated 


(>000 sq. miles 
Iper mile 
liOOSD sq. ft. 

109211S C. F. S. 
17.ll ft. per second 


The waterway originallv presided was as follows: — 

Available cross-section of bridge below. . 72000 sq. ft. 

girders. 

Mean level of bed 11 bo ft. 

Level of bottom of girders ... 1202 ,, 

Calculated high Hood level 125-1 ,, 

It would, therefore be seen that the waterway originally pro¬ 
vided was ample according to the usual methods of calculation. 

The Hood was due to one of fhost* cases ot excessive rain-tall 
which could not ordinarily be economically provided for. 
Adequate provision for such down-pours was manifestly 
impossible. 

The excessive height reached bv the flood at the bridge site was 
believed to be due, in part, to the discharging capacity of the 
river below tin* bridge being inferior to that at and above the 
bridge, which caused heading up and reduction of velocity at the 
bridge, if this was the case, no calculated velocities due to the 
slope and cross-section would hold good. 

Regarding the approaches, neither hank snlfcied much. The 
old line approached the bridge at a grade of 1 in 100 down on both 
sides. 

f 

Hence the approaches must have been under water for a 
length of 2000 ft. during the Hood, hut as the line at that, time ran 
mostly in deep rock cuttings for a considerable distance back from 
the bridge on either side, little damage was done beyond the wash¬ 
ing out of the short approach banks behind the abutments. 
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Tin* new hanks were L’(l fl. high ill the abutments and were 
carried out level until they met the old grading. No vents (other 
I hail cin occasional boulder drain, where necessary) had been pio- 
vided in either hank, because, :is already stated, provision for such 
an abnormal tlood was not an economical proposition where the 
possible damage could only amount, to the wash-out of ft short 
length of earthen bank. 

The formula for the overturning moment of a girder quoted by 
Air. Desbruslais was interesting. It was* however, difficult. to 
apply in the present ease, since the items A .and V were unknown. 

Tin* area A presented to the tlood could not be ascertained for 
the liaisons given in para. I page 122 of Hie text, while the velocity 
of the current V could not be computed due to the heading up 
which was believed to have taken place. From his formula, Mr. 
Gesbruslais deduced that 

If A equalled 10 per rent of the area enclosed by tin* out¬ 
line of the girder (a very reasonable figure) 

and \ equalled 12 It. then the velocity required to overturn 
the span would he hi! II. per second, or nearly 22 
miles per hour,—a very high ligure indeed. 

Actually, however, the spacing of the girders X was II It. 
which would require a still higher velocity to cause overturning. 

This he thought, proved flic theory stated in the (e\t to tin* 
effect that the wash-away was due to the girders becoming matted 
with debris, and thus each span presented a. wall 212 ft. long by 
17 fl. high t>> the stream. Again so much brush-wood was found on 
each span (and they must have lost, a lot; in their descent to the 
river bed) that (In* flotation of the debris must have been consider¬ 
able. and it was conceivable that that factor also assisted tin' 
girders oil' tin* piers. 


ritoroimox of c i:\if\t ,i xn sand. 

lie could not agree with Air. Desbruslais in that there was 
anything wonderful in a mixture of 1 cement to b sand proving 
harder than stone. It all depended on the kind of stone. 

The stones, used in the ease under discussion, were boulders 
from the river bed. They were a mixture ol‘ black trap, quartz, 
sandstone and others, of which he did not know the names. Tie 
was not a geologist, hut the great variety of the stone in the bould¬ 
ers forming the river bed always appeared to him to he astonishing. 

The hardest of all appeared to he the blaek trap, but even that 
occasionally split and left) chips adhering to the cement, during the 
demolition of the foundation. 
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The question of tlie comparative cost of lime and cement raised The Author 
hy Mr. Deshrulais was also very iiil<»restinj*\ and was, he thought 
worth a Jot of consideration. 

Now tlial cement ol excellent quality was manufactured in 
Ttidia, there must be frequent casts where a weak cement mixture 
would cost no more than a rich lime mixture, and would, of course 
bo much moie satisfactory. 

About 4 or 5 years ago, the ISengal-Nagpur Hallway built some 
experimental quarters at Sini. The walls wen 1 , if he remembered 
rightly, only 5 inches thh k. They w(“re of concrete of the propor¬ 
tions of 1 Indian cement to <i sand to li' ballast, and had no rein 
forcemeat in them whatever. Those quailers were still standing, 
and so far as he was aware, had cost very little in maintenance, 

Uni the idea that cement work was expensive died hard. « ) ne 
read that even the Southern Kaihvay in England, when 1 one would 
expect to find advanced methods in operation, were still building 
their overbridge pirns of brick in lime. 
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HUSTON EXCAVATORS 


STEAM, ELECTRIC AND 
OIL ENGINE DRIVEN 
NAVVIES AND DRAGLINE 
EXCAVATORS. 


UPWARDS OF FIFTY 
Ruston Navvy Excavators and Dragline 
Excavators of all sizes and types are 
now employed in India on Railway Ex¬ 
tensions, in the Coalfields (removal of 
overburden), quarrying iron ore, canal 
construction, etc., etc. 

Ruston Excavators, sizes varying from 
25 to 300 Tons (net weights), are working 
in India at the present time. 


Full particulars from — 

MARTIN & Co. 

Mechanical Engineering Department, 

6 & 7, Clive Street, 

CALCUTTA. 


I 



IV 


THE INSTITUTION OF ENGINEERS (INDIA). 


(THE INSTITUTION OF ENGINEERS (INDIA). 


MARSHALL 

8UPERHEATED STEAM SEMI-PORTABLE ENGINES 
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POINTS IN FAVOUR 
OF MARSHALL 
“LOCOMOBILES” 

Compared with other type* 
of 8team Engines of equi¬ 
valent power, “Loco¬ 
mobiles” are LOWER IN 
FIR8T COST, and lees ex¬ 
pensive to export, 000UPY 
8MALLER FLOOR 8PA0E, 
and are VERT MUON MORE 
ECONOMICAL IN FUEL 
CONSUMPTION AND MAIN¬ 
TENANCE OOSTS 


CONSULT US REOAROINO YOUR POWER REQUIREMENTS. IF YOUR FUEL CONSUMPTION EXOEEOS 
THE FIGURES HERE GIVEN, IT WILL PAY YOU TO CONSIDER THE MARSHALL * LOOOMOBILE8' 

ORDINARY WORKS TESTS RESULTS 


SIZES H. P. (worked condensing) 


Indicating Horse Power 
Brake Horse Power.. 

Steam per Indicated H. P. per hour lbs 
Steam per Brake H. P per hour lbs. 
Coal per Indicated H. P. per hour lbs 
Coal per Brake H. P. per hour lbs. 
Calorific value of coal used : B T. U’s 
per lb. 

Coal per B. H. P. corrected to 14 ,700 
B. T. U‘s per lb. 

Mechanical Efficiency: per cent. 


5(1 

75 

: 100 

| 

j 125 

150 

67 8 

76 9 

138 

147 

! 159 

62.4 

72 3 

130 

j 140 

147 

11 2 

11 1 

■ 10.8 

10 62 

10:55 

12 2 

11 8 

; ns 

11 3 

; li.l 

1.45 

1 39 

1,3 

1.29 

1.26 

1,58 

1 48 

ii8 

137 

1.33 

13.000 

j 12,500 

13,000 

13,(810 

12,700 

1.4 

126 

1 

1.22 

1.21 

1.15 

92 

94 

! * 

94 

95 



These Engines are admirably adapted for power purposes in 

Flour MlUt, Saw Mill*, Woodworking Factories, Dairies, Distilleries, Breweries, Sugar Factories, 
Brickyards, Dement Works, Tarmacadam Works. Paper and Pulp Mills. Printing Works. Rubber 
Mills. Textile, Spinning and Weaving Mills. Pumping for Town Wnter Supplies, IrHgaHon, 
Drainage and Sewage Disposal. Iron and Steel Works, Quarries, Mines, Collieries, Engineering 

Works and other Industrial Installations 

MARSHALL SONS & Co., (India) Ltd. 

99, CLIVE STREET, CALCUTTA 

AL80 AT BOMBAY, MADRA8, LAHORE, BEZWADA, TANJORE AND COIMBATORE 

WORMACARPARA, L B. RAILWAY 
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ilaflier sKattc- 

(Incorporated in England.) 

ELECTRICAL, HYDRAULIC, TEXTILE & FIRE PROTECTION ENGINEERS, 

LONDON AND MANCHESTER. 

CALCUTTA: 7, Hare Street, P. O. Box 389. 

BOMBAY: Bombay House, Bruce Road, Fort, P. O. Box 327. 
CAWNPORE: “Inverneal" Nawabgange. 


ELECTRICAL PLANTS 

and 

CENTBIFUfiAL PUMPS 


FOR ALL PURPOSES. 



QUALITY PRODUCTS. 


Our service and extensive experience 
are at your disposal. 
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VH 


for every Industrial 
purpose 

A complete understanding 
of the varying tropical con¬ 
ditions in which electric 
motors are required to oper¬ 
ate enables us to advise and 
estimate for installations 
suitable for every type of 
drive. 

Whether for (C. C.) or A. C. supply, open or closed design, 
individual or counter-shaft drive, there is a CROMPTON 
PARKINSON Motor suitable for the job—to operate econom- 
cally with absolute freedom from break-down and without any need 
for skilled supervision. 

Crompton Parkinson Motors have met the condi¬ 
tions of every climate for 50 years. 

We can quote for every electrical need. 

CROMPTON PARKINSON LIMITED, 

OUI8E1EY. CHELMSFORD AND LONDON. 

10, CLIVE HOW, 
CALCUTTA. 

'PHONE 401 CAL. 
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KEYSTONE GREASE. 

Made in several densities, to suit the various mechanical 
conditions. One quality—the best. 

THE WORLD S GREATEST LUBRICANT 

Sole Agents for India. 

THE NEW PATENT GROOVED 

** ROKO ” BELTING 

Eliminates Air Traps, and—thus grips better. 
Maximum Strength—Minimum Stretch. 

Agents' for Bombay and Madras Presidency. 

CARBORUNDUM SPECIALITIES. 

Large stocks carried of Files, Sharpening Stones, Sticks, 
Razor Hones, Carborundum and Aloxite Waterproof 
Paper, Cloth, Aloxite K. 5 Paper of Sanding, Economy 
Rolls, Valve Grinding Paste, Powder. 

SYMINGTON COX & Co., Ltd. 

58, Forbes Street, 2, Waterloo Street, 

BOMBAY. CALCUTTA. 
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THE INDIAN HUME PIPE Co. 

Limited. 

Phoenix Building, Ballard Estate, 
FORT, BOMBAY. 

The Pioneer House for Supplying 

HUME REINFORCED CONCRETE PIPES 


Sewers, Drains, Gravitation and Rising Mains. 

Enquiries solicited. 



Jamfhectpuf* (B.-N. Ry 


_ . . Kpvvup (M. S. M.Ry ) 

Factories . Ahmedabad ( b. b. & c. i. Ry.) 




Shol&ptir (Q-1- P- Ry ) 
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WORTHINGTON 


TYPE“L” CENTRIFUGAL PUMP 


SPLIT CASING. 



Send your enquiries to 


WORTHINGTON-SIMPSON L 


{Incorporated in England.) 


10, CLIVE ST., 

CALCUTTA. 


ASIAN BLDGS 
NICOL HOAl 

BOMBAY 


AGENCIES: 


J. BLAKEBOROUGH b Son 
G£jQ. KENT. Ltd. 

,vf' 

JEWELL EXPORT FILTER Co. .. 
CLARKEfc?VIGILANT SPRINKLER Co. 
AVEL1NG & PORTER, Ltd. 

I DAMPNEY & Co., Ltd. 


Valves, Hydrant*, Sluice Gates, e> 1 ’ 
Venturi Meters, Water, Steam £' A 
Meters. 

Gravity and Pressure Filters. 
Automatic Sprinkler & Fire Alarm- 
Steam & Oil Road Roller#, Scarify 
etc. 

“ A P E XIO R” Boiler CWW>° U# 
ASPHALTENE, etc. 
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“THE INDIAN AND EASTERN ENGINEER” 


SPECIAL CONCESSION 

to 

JUNIOR ENGINEERS. 

Students of Engineering, Engineers in Government 
Service, and the personnel of Firms and Contractors 
engaged in Engineering and Allied I rades, whose 
monthly income including allowances is Rs. 500 or less, 
are offered 

“The Indian & Eastern Engineer” 

with its Supplement, 

“Indian & Eastern Railways” 


S at a Special Concession Rate of 

! RS. 7-8 per annum. (post free ) Payable in advance. 

I Applications, which should be addressed to The 

| Indian and Eastern Engineer Co., Ltd., Post Box 2348, 

• Calcutta, must be accompanied by a certificate that 

] applicant’s income is less than Rs. 500 per month, signed 

1 by a superior officer in the case of Government servants. 

; or by a responsible member of the firm if the applicant 

j is a private individual. Students’ applications should be 

I certified by the Principal of the College or Institute. 

....*. 


Students and Junior Engineers should take advantage of this 
offer to-day to obtain authentic and up-to-date reports on 
Civil, Mechanical, Constructional and Electrical Engineering, 
Textile, Motor Transport, Marine and Aviation matters, 

“THE INDIAN AND EASTERN ENGINEER” is well printed 
on high class paper, and is profusely illustrated with photo¬ 
graphs and technical drawings :: : " :: :: “ 
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THE 

iA 

‘PATERSON’ 

SYSTEM 

OF 

WATER PURIFICATION 


WATER FILTRATION, CHLORINATION 
AND SOFTENING 


CONTRACTS CARRIED OUT IN¬ 
GREAT BRITAIN EGYPT 

AUSTRALIA CHINA 

CANADA JAPAN 

SOUTH AFRICA SOUTH AMERICA 

FRANCE RUSSIA 

INDIA STRAITS SETTLEMENTS 
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ASK FOR 
LEAFLET 
No. 073 
DESCRIBING 


V.I.R. Wires 


ASK FOR 
LEAFLET 
No. 073 
DESCRIBING 


THE GREATEST ADVANCE IN THE ELECTRIC WIRE 
INDUSTRY THAT HAS EVER BEEN MADE ” 


The Best Wire in the 
Best Package .. . ■ . ^ 

The Reel with the pro¬ 
tective 9trip removed, 
but with the label still 
sealed onaneamnanMMeMHa^ 


The Reel as you re¬ 
ceive it, the wire be¬ 
ing covered with a 
protective stripaMM^ 

LARGEST STOCKS 

IN 

INDIA 


All sizes up to and including 0045sq.' (7/ 029) Packed on Reels. 

We pay particular attention to pa eking for the convenience of our 

customers. . „ _ 

All Silk and Cotton covered Wires, enamelled Copper Wires and Fuse 
Wires if supplied in i lb. reels are now packed in cartons and the cartons 
in containers. 

W. T. HENLEY’S TELEGRAPH WORKS Co., Ltd. 

(Incorporated in England.) 

HENLEY HOUSE, CALCUTTA. HENLEY HOUSE, BOMBAY. 

HEAD OFFICE ■ WORKS: 

11, HolWn Viaduct. NorthWoolwichandGravcsend. 

LONDON E. C l. ENGLAND. 

EYL 



MADRAS! Crompton Engineering Co. 
(Madraa). Ltd. 

BURMA: Chat. R. Cowie 6t Co.. 
RANGOON 


The General Electric Trading Co., 
KARACHI. 

sa WSSS“ so "-Nt:i:' 
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All roofs should be protected by Ruberoid 
Roofing. Ruberoid is a flexible bituminous 
roofing manufactured to a high standard of 
quality. Every roll is guaranteed. Ruberoid 
can be used on flat, pitched or curved roofs of 
wood or concrete, and is impervious to extreme 
heat, fumes of acids, or sea air. Ruberoid 
makes an excellent roof covering for Railway 
Carriages and Engine Sheds as it is unaffected 
by sparks. 

FOR EVERY TYPE AND SIZE OF 
BUILDING, THERE IS A GRADE OF 

RUBEROID 

ROOFING 


Write for samples and 
. full particulars to 

PLUMMER BROS. & Co., 
Plummer House, 

5 & 6, Fancy Lane. 
P. O. Box No. 2175, 
CALCUTTA. 
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The Kidderpore Bridge, built by Burn & Co., Ltd., Howrah. 

WE CAN CONSTRUCT BRIDGES 

of any design, weight, or size, and undertake struc¬ 
tural and mechanical work of every description. 

We* Specialise in 

RAILWAY AND ROAD BRIDGES 

Our Workshop and plant are admittedly the largest 
Engineering Establishment in the East, and are 
officially recognised as being capable of building 
girder bridges up to 300 feet clear span. 

; Send us your enquiries. , ; 

BURN & Co., Ltd. 

HOWRAH IRONWORKS, HOWRAH. 




















